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HayxkoBuii cBiTOT IS, HAIIOBHEHII 3HAHHAMU
OPUPOAN Ta MAaTEeMAaTUKHU, € HANOIIBIITO0 CHUIOIO
He JIUIlle CbOTOIeHHs, aje it MaiibyTHBOTO.

B. I. Bepradcvkuii,

nepwuil npe3udenm YKpaincvkol axkalemii HAYyK

3HaMOMCTBO 3 MigPYYHUKOM

Bu mpomos:kyeTe BuBUATHM ONHY 3 HAWUYIOBIIMIMX HAYK — Ximiro.
Y 7 knaaci Bu pAisHaamcs, 0 y cBiTi icHye Oesiiu xXiMiuHMX pedvyoBUH,
OomaHyBaJM XiMiUYHY MOBY, HaQBUMJNCS NIO3HAUATH XiIMIiUHI eJeMeHTU Ta
PEeYOBWHU, CKJIAJATH PIBHAHHA XiMIiUHMX peakIliil.

Y 8 kjaci Ha Bac ueKamTh HOBiI ximiumi Taemuwuii. Bu meperonae-
Tech y TOMY, ITO0 XiMiuHi eJeMeHTH Ta IX CIIOJYKU HiAIIOPAAKOBYIOTHCS
€IVUHUM 3aKOHaM i mpaBujaaM. HeoOXigHO 3HATH IIi 3aKOHU IJIA TJIMOIIIOTO
posyMminHA Ximii Ta po3kpuTta ii Taemuuns. He copoMTecsa cTaBUTH 3aTu-
TaHHA «40OMy?» 1 «aK?». YPOKH XiMil — Iie YPOKHU JOMUTIUBUX YOMYUOK.

Ileit migpyyHmnK — Balll TOJIOBHUM ITOMIiUHUK y BUBUeHHI Ximii. Koxk-
HUHA maparpad IOAiJIeHO Ha YacTUHU. HeBeJIMKMMU IOPI[isIMHU JIEeTIIe
cupuiimatu iHopmMmario. 3akiHuyeThcsa maparpad BHCHOBKaMU i1 Tpak-
TUYHUM OJIOKOM, AKUI CKJIAJAEThCA 3 KOHTPOJBHUX 3alUTaHb, 3aBIAaHb
I 3acBOeHHs Marepiany. lleaki sanmuranHsa mo3HauveHi 3ipoukoro (¥).
ITe saBmamHA WPOOJIEMHO-TIONIYKOBOTO 3MicTy. Ha HMX Bu He 3HaligeTe
BiAmOBiAi B TekcTi maparpada. O6mipKyiiTe i 3anmuTaHHA V BiIbHUH Uyac,
3BEePHIThCA 0 HONATKOBUX AiKepes iHdopmaiiii abo o6roBopiTs Ha ypoOILi.

Y migpyyHUKY po3MillleHo JOo4aTKOBY iH(popMaIliro: 3aXonanBi (paxTu
3 icropii ximii, BigomocTi mpo BuAATHUX HAYKOBI[IB Ta I[iKaBi JIiHTBic-
TUYHI 3amadi, AKi JOIMOMOKYTh BaM 3amaM’siTaTH IIeBHI TepMiHH.

VY migpyuyHUKY € po3poOKu J1a00paTOPHUX JOCTiAiB, MPAKTUUHUX POOIT
Ta JOMAaIIHIX eKcIepruMeHTiB. BUKOHyOUN iX, 000B’I3K0BO JOTPUMYHATECS
mpaBuJI Ge3IeKu.

Hanpurkinni migpyyHvKa € gomaTKu 3 KOPUCHOIO iH(opMarieo, aj-
¢aBiTHUHA MOKaAKUYMK Ta BiAIOBiAi 40 PO3PaXyHKOBUX 3amad.

O6car sHaHb i3 ximil ayske BelumKuii, i B HiAPYYHUKY BCHOT'O PO3-
moBicT HeMOKJauBO. llikaBTeca iHImMUMMEU IyKepeslaMU XiMiUHUX 3HaHb:
eHITUKJIOTIeAiAMY, KypHanamu, [arepuerom. II{upo croxiBarocs, 1o 1ei
OiAPYYHUK POSIIHUPUTL BaIll CBiTOTJIAN, MiAIITOBXHE OO TOIIYKY HOBOI
imgopmallii Ta sbaraueHHs CBOIX 3HaHb, a MOJKJINBO, CIOHYKATHME O
oTpUMaHHA ManOyTHBROI mpodecii — ximika.

Basxcaro sam ycnixie y naswanni!

Aemop



YMOBHiI NO3Ha4YeHHA
:)-. — BaKJIMBa iH(popMaIllid, IKy HeoO0XiJHO 3amam’ ATaTu;

@ — pybpukra «JisHaiiTeca Oinpie» (iHGopmanis He 060B’A3K0Ba
I 3araM’ ATOBYBaHHA);

— pyopukra «I[ikaBuii parT»;

P

Q?\ — BHCHOBKU J0 maparpada;

N

— KOHTPOJIbHI 3alUTAHHSI;

— iHTepHeT-IiATPUMKA.

QP — BaBIaHHA IJA 3aKPIlJIeHHSa 3HAHB;



NOBTOPEHHA HAMBAXJIUBILLUX
MUATAHb KYPCY XIMIi 7 KNACY

§ 1. HamBaxnusiwi XiMmiyHi noHATTA

XiMiuHi peyoBuHN, TX CKNag Ta BNAaCTUBOCTI

Ximisgs — mpupogHWYa HAyKa, IO BUBUAE PEYOBUHU Ta IX IEPETBO-
peHHA. PeuoBMHU MOMKYTBH CKJamaTHCA 3 MOJIEKYJ (PEUOBUHU MOJIEKY-
JasgpHOi OymoBu) abo 3 iHINIMX YaCTMHOK — AaTOMiB, IOHIiB (peuyoBHHH
HeMOJIEKYJIAPHOI OyxoBu). [I1a peuoBUH HEMOJIEKYJISAPHOI OyI0BU 3aMiCTh
TepMiHA «MOJEKYyJa» BUKOPUCTOBYIOTH TePMiH «(hOPMYyJIbHA ONUHUILI» .
Vei mosexkynu Ta OpMyJIbHI OAMHUIL YTBOPIOIOTHCSA 3 ATOMIiB.

¢ PeuoBuHU xXapakTepuadyOTh (GiBMUHMMM Ta XiMiYHUMU BJIACTUBOC-
TAMUA.

DisuyHMMU BJIIACTUBOCTAMHU DEUOBUH € KOJIiD, 3amax, CMaK, TeMIiepa-
Typa IIJIaBJIEHHA Ta KUIiHHS, I'YCTHUHA, 3JATHICTh MPOBOJUTU €JIEKTPUY-
HUU CTPYM i TEeNJI0Ty, PO3UYMHHICTH y BOJi, MJIACTUYHICTH TOIIO.

Ximiuni BIacTMBOCTI — Ile 3JaTHICTH PEYOBMH BCTYHATH B TEBHIi
ximiuHi peakirii.

¢ ¥ xiMiuHUX peakIisix OHI PEYOBMHU MEePETBOPIOIOTHCA Ha iHIIi, TOO-
TO 3MiHIOETHCSA XiMiUHUII CKJIAJ PEeUOBUH,— Ile O3HAKA XiMIiYHHUX ABUII.
ABuima, mo BigdOyBaroThcsa 6e3 3MiHM XiMiUHOTO CKJIAAy PeYOBUH
(3mina opmMu, arperaTHOTO CTaHy TOIIO), HAa3WBAIOTh (PiBMUHUMMU.
XimiuHi gBUINA MOMKHA BiApidHMTHM Big (Gi3mUuHMX 3a MEBHUMU O3HA-
KaMu: Mg yac XiMiuHMX SBUII] MOXKe BimOyBaTucs 3miHa 3abapBieHHA,
3amnaxy abo cMaKy PeuoBHUH, YTBOPeHHA a00 3HUKHEHHS OCaay, BUIiJIEeHHS
a00 TIOTJIMHAHHSA Ta3y Ta TeIJIOTH.

¢ Ckyaan xiMiuHHMX PEUYOBMH 3aNHCYIOTh XiMiunummu dopmynaamu, Ha-
npukaan: H,SO,, P,O,, Ba(OH),. ¥V nux sanucax nudpu, AKi HaBeIeHO
mopsAJ i3 cHMBOJAMU XiMIiUHHX €JIeMeHTiB,— iHOeKCU, IOKa3yIOTh Kijb-
KicTh aTOMiB meBHOTO ejieMeHTa B MOJIeKYJi (abo GopMyabHil ogumHMIL)
PEeYOBUHMU.
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Knacndikauia peyoBunH

VY 7 kaaci Bu osHaioMuanCs 3 KiTbKoMa IpUHIMIIAME KJaacudikaiii
PEYOBMH: 3a YMCTOTOIO (YMCTi PEUOBMHU Ta CyMiIri), 3a cKJamom (mpocTi
Ta ckJagHi) Tormmo. OTiKe, BimoMi BaM rpynm pPedyOBUH MOYKHA KJacu@i-
KyBaTu 3a cxemoio 1.

¢ PeuoBUHU MOKYTh CKJIAHATHUCA 3 aTOMiB SK OJHAKOBUX, TaK i pPisHUX
eJeMeHTiB.
- IIpocTi pe4yoBMHM yTBOPEHi OAHUM XiMiUHUM eJIeMEeHTOM.
- CkJamHi pe4oBUHI YTBOPEHi 3 aTOMiB JeKiJIbKOX XiMiUHUX eJeMeH-
TiB. CKIagHi PEeYOBMHU TaKOXK HA3UBAIOTH XiMIYHUMU CNOAYKAMU.

¢ IIpocTi peuyoBMHU MOAIJIAIOTH, HA MeTaJaW Ta HEMETAJU.

« MeTasqu Bifpi3HAIOTHCA Bii HeMeTaJiB XapaKTePHUM MeTaJiuHUM
OMMCKOM i KOBKiCcTIO, BOHU A00pe MPOBOAATH €JEeKTPUUHUHU CTPyM i Te-
ILJIOTY. 3a 3BUUYAaNHUX YMOB yci MeTaJiu (3a BUHATKOM PTYTi) epedyBaioTh
y TBepAOMY arperaTHOMY CTaHi.

- Hemeranu, Ha BimMiHy Big MerasiB, He MalOTh METAJiUHOTO OJUCKY
(3a BuHATKOM Hioxy Ta rpadity). Bouu KpuxKi i pyiHyIOTbCA Bifl yaapy,
IOTaHO IIPOBOJATH €JEKTPUUYHUUA cTPyM i Terory. Hemeranmu MOXKyTH
OyTH TBEPAHUMHU, PiAKMMU M rasomnofiOHMMMU.

Meranu yTBOpeHiI MeTaJivuHMMU XiMiUHUMHK ejieMeHTaMu, a HeMeTa-
AU — HeMeTaJiYHUMU.

Cxema 1. Knacudiranis peuoBun

4| PeuoBurHun Ii

A A

| YuncTi peyoBmHM | | Cymiwi pe4yoBuH |
Y Y Y Y
| MpocTi | | CknapgHi | | OpHopigHi | | HeopaHopigHi |
Metann | OpraHiyHi | KncnorHi

Okcnan

Hemetann | HeopraHiuHi
Kncnotu
OcHoBU



§ 1. HamBaxnuBilli XiMi4Hi noHATTA

¢ Cepen CKJIAZHUX PEUOBUH BaM yiKe BimoMmi okcmam — OiHapHi cmo-

ayku ximiuamx ejemeHTiB 3 Oxcurenom. II1lo6 pospisHATM OKcuau,
iM maioTh HasBu. Ha3Bu OKCHIIB CKJIALAIOTLCA 3 ABOX CJIiB: Ha3BU Xi-
MiYHOTO eJleMeHTa Ta CJIOBa «OKCHI», Hampukgaa: Na,0 — Harpiii
OKCH[, A12O3 — aJoMiHiZ oKcupn. SKIO eleMeHT BUABJSE 3MiHHY
BaJIEHTHICTh, TO B Ha3Bi OKcuay Ii BKas3yiOTb y AV:KKaxX, HAIPUKJIAL:
Cu,0 — xympym(I) okcup, CuO — xynpym(Il) oxcuxn.

3aJe)KHO Bif TOrO, BiATIOBiZlae OKCUAY KHCJIOTA UM OCHOBA, OKCUAU
PO3OiIAITL, HA KUCJLOMHLI Ta OCHOBHI.

Hemerairiuni esleMeHTH yTBOPIOIOTH IePeBaKHO KMCJIOTHI OKCHUIU,
a MeTaaiuHi — ocHOBHi. MeTaliuHi eJIeMeHTH MOMKYTh YTBOPIOBATH TAKOMK
KMCJIOTHI OKCUAM, AKIIO BUABJIAIOTh V IINX OKCHIAaX BHCOKY BaJIEHTHICTH
(IV Ta 6inbire).

¢ Bararo okcunmis pearye 3 Bogoio. Ilig uac peakiii KMCJIOTHUX OKCHU-

IiB i3 BOZOIO YTBOPIOIOTHCSA KMCJIOTH, a IiJ yac B3aeMogii oCHOBHMX —
OCHOBH.

« Kucaoru cxkiaagamoThea 3 aToMiB ['iporeHy Ta KUCJIOTHOTO 3aJIUIII-
Ky, manpukaax: H,SO,, H,CO,.

« OcHOBHM CKJIaJalOThCAd 3 aTOMiB MeTaJIiYHOTO ejJeMeHTa Ta Tigpo-
kcunpHOi rpynu OH, manpukmnax: KOH, Mg(OH),.

Ockinbku y ckaani ocHoB HasgBHa rpymna OH (rizpoxkcuibHa rpymna),
TO OCHOBM TaKOK Ha3WBAIOTH 2i0pokcudamu.

PosumnHi y BoAi OCHOBU HA3WBAIOTH J1Y2aAMU.

XimiyHi dopmynn Ta BaneHTHICTb

¢ BajgenrtHicTp — Ie KiJgbKicTh XiMiuHMX 3B’sA8KiB, IKi aTOM II€BHOTO
€eJIeMeHTa MOXKe YTBOPUTH 3 IiHINMMMH aToMaMu. 3HAIOUN BaJE€HTHICTh
XiMiUHUX €JeMeHTiB, MOKHAa CKJIajgaTh (POpMyJau PEYOBUH.
Hesaki eeMeHTU BUABIAIOTL CMAJLY 6AJeHMHICMb: B YCiX CHOJIyKax
iM BJIACTUBE JIUIIIE OJHE IIeBHE 3HAUEHHS BajJeHTHOcTi. IHImi ememeHTH
MOJKYTh BUSABJATHU Pi3Hi 6ajseHmHocmi B pisHuUX cmosykax (rabua. 1).

Ta6aunmga 1. BajgeHTHiCTh JeAIKMX XiMIiYHMX eJIeMEHTiB

EnxemeHnTH 3i cTa/1010 BaJI€HTHICTIO EnxeMeHTH 3i 3MiHHOIO BaJIEHTHiCTIO
OgHOBaJIEHTHI: Fe, Co — 1II, III

H, K, Na, F, Li Pb, Sn, C —II, IV

JBoBayIeHTHi: Cu—1I1,1I

0, Ba, Ca, Mg, Zn, Be S—II, IV, VI

TpuBaseHTHi: As,P—1III,V

Al, B Cl, Br, I — 1, III, V, VII




MOBTOPEHHA HAMBAMMBILNX MUTAHb KYPCY XIMIT 7 KNACY

¢ lna ckimamagHa QopMyJ OiHAPHUX CHOJIYK 32 BAJIEHTHICTIO €JIeMEHTiB
KOPUCTYIOThCA aJTOPUTMOM.

1. 3anmcyeMo CHUMBOJIM €JIEMEHTIB y HeoO0XigHo- m o v I
MY HOPAZKY Ta IO3HAUAEMO iX BaJeHTHICTH Al O (O

2. O6uucanMO HallMeHIIIe CIIiJIbHe KpaTHe HCEK HCEK
(HCK) nns 3sHaueHDb BaJI€HTHOCTEH eJIeMeHTiB 3i2)=6 4i2)=4
3. KinpKicTb aTOMiB IIeBHOTO eleMeHTa JOPiB- 6:3=2(Al) | 4:4=1(C)
uioe BigHomenHio HCK no BasleHTHOCTI IBOTO 6:2=3(0) 4:2=2(S)
eJIeMeHTa

4. 3anucyemMo OTpUMAaHi iHAEKCH TiCJIA CUMBO- I I v 1
JIiB esleMeHTiB Al, O C S,

3aKOH 36epeXkeHHA Macu

¢ ¥Yci ximiuHi mepeTBOpeHHSA OMMCYIOTH 34 AOIOMOT0IO0 PiBHAHD PEeaKIliii.
¥V siBiih vacTUHI PiBHAHHA 3aUCYIOTh XiMiuHi (hopMyau peazenmie — pe-
YOBWH, ITI0 B3a€EMOiIOTh OJHA 3 OJHOIO, a B IIPaBiil wacTuHi — (Gopmyau
npodykmie ix B3aeMOJii.

¢ PiBaauna ximiunoi peakIiii € BimoOpasKeHHAM 3aKOHY 30epeskeHHsI
MacH PEeYOBHUH y XiMiYHMX peakIisiXx: Maca PeYOBWH, IO BCTYHUJIU B Xi-
MiUHY peakiiilo, JOPiBHIOE MAaci peyoBUH, IO YTBOPUJINCS B PE3yJbTaTi
peaxirii.

IITo6 piBHAHHS peakiii BimoOpaskaio Iieil 3aKOH, KiJbKiCcTh aToOMiB
KOYKHOTO XiMiuHOTO ejleMeHTa y IIpaBiit i JiBifl yacTuHAX PiBHAHHA Mae
O0yTu omHaKoBOMO. [[1 1boro HE0OXimHO dibpamu Koeiuienmu — nudpu
nepeq XiMivHUMU opMyJiaMu, AKi BKa3yOTh KiJIBKiCTh MOJIEKYJI (aTOMiB
a60 GpopMyJIbHUX OAWHUIID).

Hobuparoun KoedillieHTH B PiBHAHHI peakiIiii, ciaig mam’saratu Taxi
mpaBUJIa:

* Koe(iIlieHT IMOKas3ye KiJbKiCTh MOJIEKYJ, OKPEeMUX aToMiB abo (op-
MYJbHUX ONWHUIL Yy PIBHAHHI peakrIrii;

* Koe(illieHT cTaBIATH JUIllEe IIepel] XiMiuHOI0 (hOPMYJI0I0 PEUOBUHU;

* Koe(illieHT cTOCYeThCA BCiX aTOMIB, i3 AKUX CKJIAJAETHCSI MOJEKYJIa
abo (popMyJibHA OOUHUILA, Iepel SIKOI BiH CTOITH;

« koepimienT 1, ak i immexc 1, He 3aTUCYIOTH.



§ 1. HamBaxnuBilli XiMi4Hi noHATTA

Q KoHTponbHi 3annTaHHA

S

1.

3.

MoAcHiTb kKnacndikauito BiGOMMX BaM rpyn peyoBuH.

Lo o3Haua€ iHAEeKC y XimiuHin dopmyni?

Y YoMy nonAra€ pisHULA MiXK MOHATTAMM: @) «XIMIYHWUIA efleMeHT» i «npo-
CTa peyoBMHay; 6) «<MPOCTa PeUOBMHAY | «CKNTAAHA PEYOBMHAY; B) «CKMafHa
PEYOBMHA» i «CyMill PEYOBUH»?

HaBepiTb npuknagM enemeHTiB, WO BUABMAIOTbL: @) CTany BaNeHTHICTb;
6) 3MiHHY BaNeHTHICTb.

AKi okcMAW Ha3MBalTb KNCIOTHMMM, @ AKI — OCHOBHMMMK? HaBegiTb npu-
Knagu.

AKi peyoBUHN YTBOPIOIOTLCA Nif Yac B3aEMOZii 3 BOAOIO KMCIOTHUX OKCK-
AiB, a AKi — nig vac B3aemofii ocHOBHUX? ChopmynionTe X BU3HAUEHHSA
Ta HaBeAiTb NpuKnaaw.

3aBAaHHA ONA 3aCBOEHHA MaTepiany

1.

2.

Cknagitb dopmyny cunikaTHOI KUCIOTK, AKLWO ii MoneKkyna CKafaeTbca
3 ABox aTtomis lligporeHy, ogHoro atoma Cuniuito Ta Tpbox atomiB OKCUrery.
I3 HaBegeHoOro nepeniky BUNUWITb Ha3BW HeMeTaNiYHUX efleMeHTIB:
liaporen, Aypym, Mog, Mniombym, ApreHtym, Cynbdyp, MepKypiii.
Cknagito dopmynu crnonyk, yTBopeHux enemeHtamu: a) H i Al; 6) C(IV)
i S(I); B) Pb(IV) i O; 1) Zn i Br(l); m) C(IV) i F; e) Fe(ll) i O; €) CI(IV) i O; »x) Cu(l)
i O; 3) Au(lll) i CI(l). Y py»Kax yKa3aHa BafleHTHICTb, AKY BUABMAE eNeMeHT
y uin cnonyui.

Cknagitb dopmynu okcupis: marHin okcug, depym(ll) okecuma, docdop(V)
okeng, naombym(lV) okena, kynpym(l) okena, xpom(lll) okecna, manraH(VII)
oKcma.

BusHauTe BaneHTHOCTI eNleMeHTIB y HaBeJeHNX OKCuAax, CKNagiTb iXHi Ha-
3su: K,0, Cao, P,0,, NO,, 1,0, SO,, Cl,0,.

I3 HaBefeHOro nepeniky BUMNWLWITL B OKpPeMi CTOBNUYMKU GOPMYNN: a) KIC-
NTOTHUX OKCUAiB; 6) OCHOBHUX OKCUAIB; B) KMCNOT; I) OCHOB.

Mg(OH),, Na,O, H,SiO,, N,O,, NaOH, CO,, SO, H,PO,, CrO, Fe(OH),, Cu,0,
H,CO,, Si0,, HNO,, Cl,0..

[lo6epiTb KoedilieHTn:

a) S+0, — SO, 6) BaO, — Ba0+0,T
Fe+S — FeS H,0, — H,0+0,T
P+Cl, — PCl, N,0. — NO,T+0,T

YHacnipgok B3aemogii metany CH, macoto 8 r i3 KncHem macoto 32 r yTBo-
puBcs Byrnekucnni ras macoto 22 r. CKnagitb piBHAHHA Uiel peakuii. O6-
YNCNiTb, AKa Maca BOAM yTBOPWUIACA B pe3ynbTaTi Li€l peakuii.



§ 2. Kucenb Ta Boga. Peakuii po3knagy, cnony4yeHHs

®i3nYHi BNacTUBOCTI KUCHIO

IToBiTps — e cKJagHA cyMiIn 01u3bKo 15 pisHuUX rasiB. ¥YmicT asory
B moBiTpi craHoBuTh 78 % Bim 06’emy moBiTps, a KucHiO — 21 % . Kpim
TOTO, y IOBiTPi MicTMThCA HeBeamKa KinbkicTs apromy (0,9 %), Byrie-
kucioro rasy (0,03 %), o3oHy, BogsAHOI mapu ¥ iHIIKUX rasis.

g :RuBUX iCTOT HAWBAXKIUBIIIINM KOMIOHEHTOM IIOBIiTPA € KUCEHbD,
OCK1LJIBKM BiH HiATpHMMy€ IUXAHHA Ta TOPiHHSI.

3a 3BMYaWHMX YMOB KHCEHb — ra3 0e3 KOJIbOPY, CMaKy Ta 3alaxy.
Pigxuii kuceHb Mae sCHO-OJIaKUTHe 3a0apBJIEHHS.

Kuceun majmoposunuHNil y Bogi. I'ycTiHA ra3omogi0OHOT0 KMCHIO TPOXH
OinpIia 3a T'yCTUHY IOBiTpA.

J[lobyBaHHA KUCHIO

g nobyBaHHA KUCHIO B JIaOopaTopii BUKOPUCTOBYIOTH I'iIPOTEH IIep-
oxcun H,0,. I'izporen nepokcu/ 3a 3BU4aliHUX YMOB PO3KJIAJAETLCA, ale
Iy’Ke IMOBiJbHO, HABITh AKIIO WOro HifirpiTu HA MaJbHUKY. AJie AKIIO
B PO3YWH Tif[poTeH nepokcuay BHecTHu npidbky manran(IV) oxkcunmy, To pe-
aKIidg BigOyBaeThbCA AyiKe IIBUIKO:

MnO,
2H,0, = 2H,0+0,T

Y wmi#i peakmii manrau(IV) okcun € kamaaizamopom — PEUYOBUHOIO,
110 3MiHIOE IIBUAKICTH XiMiuHOI peakIiii, ajie B Hilfl He BUTpaUvaeThbCA.

Kucenp i3 Bogm MOKHa OTPpMMATH TAKOXK PEaKI[i€l0 PO3KJIaAy BOAU
3a CHJIBHOT'O HArpiBaHHs abo0 [i€l0 eJeKTPUUYHOI'0 CTPYyMY:

eJI. CTPyM
2H,0=2H,T+0,T
¢ Pearnii no0yBaHHS KNCHIO € IPUKJAJAMU peakKuiil po3xniady.
Peak1ii po3kmagy — 1ie peakiiii, y AKUX 3 OHi€l CKJIaJHOI peUYOBUHU
YTBOPIOETHCA ABi 400 Oijbllle iHINWX PEUYOBUH.
Y zarasmpbHOMY BUTIJIAA1 PiBHAHHS peakKIlil po3KJaay MOKHA 3alucaTu
B TaKuii cmocib:
A=B+C

XiMiuHi BNaCcTUBOCTI KUCHIO

Kucenp — ximiuHO Oy’Ke aKTMBHA peuoBMHA. BiH B3aemojie maiizke
3 yciMa mpocTMMU peduoBMHaMU Ta 3 OaraTbMa CKJamgHuUMH. Peakilii B3a-



§ 2. Kucenb Ta BoAa. Peakuii po3knagy, cnonyyeHHa

eMoJii peuoBUH i3 KMCHEM YacTo BimOyBarOThbCcsa OYPXJINUBO, i3 BUAIIEHHAM
BEJIMKOI KiJIBKOCTi TeImyoTu Ta cBiTjsa, TOOTO BimOyBaeThCSA 20PiHHA.
Ilix vac Baemoaii npocmux pevosuH i3 KMCHEM YTBOPIOIOTHCA OKCUIU:

2H,+0, = 2H,0 4Fe+30, = 2Fe,0,
C+0,=CO, 2Mg +0, = 2MgO
S+0, =S80, 2Cu +0, = 2Cu0

¢ B ycix nmux piBHAHHAX Yy JIiBi#l yacTuHi 3anucaHi (opmMyJsin ABOX pe-

YOBUH, a y IpaBiii yacTuHi — oxHiel peuoBuHHU. TaKi peakiiii Ha3WBaOTH
Peaxyiamu CnoiyiernHs.

Peaknii cmosyueHHA — Ile peakilii, y AKMX i3 ABOX mpocTux abo
CKJIQHUX PEYOBUH YTBOPIOETHCS ONHA CKJIAJHA PEUYOBUHA.

Y sarajibHOMY BUIVIAAI PIiBHAHHS peakIlii crolydyeHHsS MOKHa 3a-
mucaTyé B TaKWU CIocio:

A+B=C

Heari cknadHi pewosuHU TAKOXK 3TAaTHI TopiTu. ¥ TaKMX peaKIlidAx
3/1e0iIbIIIOr0 YTBOPIOETHCA AEeKiJbKa OKCHUAIB — OKCHUIIB THUX €JeMEeHTiB,
10 MiCTHUJINCA y CKJIAIHIN peuoBUHIi:

CH, +20, = CO,+2H,0
2H,S+ 30, = 280, + 2H,0

Qi3nyHi BnacTnBocCTi BOAU

®opmyaa Boau (rizporen okcuny) — H,0. 3a kimHaTHOI Temneparypu
Boga ImepebyBae B pigkomMy craHi — 1e O0es3bapBHA pigumHAa, Yy TOBCTOMY
mapi — Ouigo-6aKuTHA.

3a HOpMaJIbLHOTO aTMochepHoro Tucky i temmeparypu 0 °C Boma me-
peTBopioeThCcsa Ha Jim, a 3a 100 °C — Kunwurth. I'ycTuHA BOAU CTAHOBUTD
1 r/cm® (3a 4 °C).

Yucra Boma MaliiKe He IPOBOAUTH €JIeKTPUUYHUN CTPYM i IOTaHoO IPOo-
BOAWTH TEIJIOTy. BoHa Mae BUCOKY TEIJIOEMHICTH, TOOTO ITOBiJIBHO Ha-
rpiBaeThCcA ¥ IMOBIJIBHO BUXOJIOHSE.

3amepsaouu, BoJla PO3IIUPIOETHCA, OCKIIbKY T'yCTUHA JHOAY MEHIIIa
3a I'yCTUHY PiIKOI BOAU.

B3a€MO,EI,iFI BOAN 3 KNCJIIOTHUMW Ta OCHOBHUMM OoKCnpgammn

¥Yeci kucsoTHi okcuau (3a BuHATKOM cuiiniin(IV) okenay SiO,) Bery-
MaIOTh Y PeaKIlii CIosiyuyeHHs 3 BOJOIO 3 YTBOPEHHAM KUCJIOT:

CO,+H,0=H,CO, (rapbonaTHa KHCIOTA)
P,0,+3H,0=2H,PO, (oprodocdharna Kucuaora)
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V pasi B3aemofii 0OCHOBHMX OKCH[IB i3 BOJOI0 MAIOTH YTBOPIOBATUCS
OCHOBHU, ajie OLJIBIIICTL OCHOBHMX OKCHAIB i3 BOJLOIO HE B3aEMOMIIOTEH.

3BepHiTh yBary! OCHOBHI OKCHIU B3a€MOIIIOTDH i3 BOJOIO JIUIIIE B TOMY
pasi, AKIIO IIPOAYKTOM peakIlii € po3umHHA ocHOBa (Jyr), 30Kpema:

Na,0+H,0 = 2NaOH
Ca0+H,0 = Ca(OH),

9 KOHTpONbHI 3annTaHHA

pwN o

CxapakTtepusyiite ¢i3nyHi BNaCTMBOCTI KUCHIO Ta BOAMW.

Yomy nif 3aBKAun nnaBa€ Ha NOBEPXHi piagKoi Bogn?

AKi peakuii Ha3MBaloOTb peakUiAMM CNoNyyYeHHs, a AKi — po3knagy?
HaBepiTb piBHAHHA peakuil, WO XapakTepu3yloTb XiMiYHi BIACTMBOCTI
KMCHIO.

HaBegiTb piBHAHHA peakui B3aemogii BoAN 3 KUCIOTHUMM Ta OCHOBHUMMU
oKkcugamu.

3aBAaHHA ONA 3aCBOEHHA MaTtepian
ﬁz piany

1.

AKi 3 HaBeeHUX OKCMAIB B3aEmMopitoTb i3 Bogoto? CKknadiTe BignoBigHi pis-
HAHHA peakLUin.

Na,O, CO,, SO,, Cr,0,, SiO,.

Y pesynbrati 3ropsiHHA cipkosyrneuio CS, BUTPATMBCA KUCEHb Macok 24 T
n ytBopunncs kKapboH(IV) okemg macoto 11 1 1a cynboyp(lV) okeng macoto 32 T.
CKknagiTb PIBHAHHA L€l peakuii Ta 064McniTb Macy CipKoBYyrneLto, Lo 3ropis.
[lonoBHITb CxeMn peakUill Ta Ha3BiTb NPOAYKTN peakLin:

a) K,0+H,0 — ...; 6) SO,+H,0 — ...; B) ... +H,0 — Ba(OH),.

§ 3. O6uncneHHsa 3a popmynamm XimiYHUX pPe4OBUH

Bi}J,HOCHa dTOMHa Ta MOJIEKYNIAPHA MacCa

¢ [l xapaKTepUCTUKU MacH aTOMiB BUKOPUCTOBYIOTh ATOMHY OJXUHU-
mo mMacu (a.o.M.), 1mo gopiBHiOe 1/12 macu aroma KapGomny.
Macu Bcix aToMiB IIOPiBHIOIOTH i3 Ii€l0 OOWHUITEI0 W BH3HAYAIOTH,
Yy CKiMbKM pasiB mMaca meBHOTO aToMa OisibIrta 3a 1 a.o.M.
Macy aToma, BU3HAUEHY B TAKUI CII0Ci0, Ha3MBAIOTh BiHOCHOI aTOM-
HOI0 MacCoOI0 i Io3HAYaTh A..
Bigaocui aTromui Macu XiMiuHUX ejieMeHTiB HaBemeHi B Ilepioguuniii

cucTeMi.



§ 3. ObuncneHHa 3a ¢popmynamn XiMiYHUX PEYOBUH

3a3Buuail TOUHI 3HAUEHHS BiIHOCHUX ATOMHHX MAaC OKPYIJIAIOTH 0
minux uuces. Jiuime sHaueHHA BiJHOCHOI aToOMHOI Macu XJIOPY OKPYTJISA-
10Th i3 ToumicTiIO mo mecarmx: A (Cl)=35,5.

¢ Binnocuna monexynapHa maca M, mokasye, y CKiJIbKHM pasiB maca
meBHOI MoJjekyau Oinpina 3a 1/12 macu aroma Kapbomy (1 a.o.m.).
BigaocHa MmosexkynsapHA Maca TOPiBHIOE CyMi BiTHOCHUX aTOMHUX Mac
ycix XiMiUHMX eJIEMEHTiB, II0 MICTATLCA Yy CKJIAAiI MOJIEKYJU, 3 ypaxy-
BaHHAM KIJIBKOCTiI aTOMiB KOKHOTO ejJeMeHTa.
Hanpuraazn, BigHocHa MoJieKysisapHa mMaca Byriekucyuoro rasy CO,:

M,(CO,)=A (C)+2-A (0)=12+2.16=44

¢ JI1s1 peuoBUH HEMOJIEKYJIAPHOI OYI0BY 3aMiCTh TepMiHa «MOJIEKYJISAP-
Ha Maca» BUKOPUCTOBYIOTH TEPMiH «(hopMyJIbHA Macas.

MacoBa yacTka enemeHTa y CKnagHii peyoBUHiI

1106 onmcaTu KiJbKiCHUI CKJIaJ PEYOBUH, BUKOPUCTOBYIOTH MACOBY
YacTKy eJIeMeHTa y CIIOJIYIli, IKYy MOKHA O0UMCJIUTH 3a XiMiuHOIO (hop-
MYJIOI0 PEUOBUHU.

MacoBa uyacTKa ejieMeHTAa MOKasye, siKa YacTUHA Macu PEYOBUHU
IpHUIafae Ha aTOMH IIEeBHOTO eJeMeHTA. 1i 06UYMCIIoTh AK BiJHOIIEHHA
BiIHOCHOI aTOMHOI Macu eJieMeHTa 3 YpaXyBaHHSIM KiJbKOCTi fforo aTromis
Y MOJIEKYJIi 10 BiTHOCHOI MOJIEKYJISPHOI (200 (pOpMYyIbHOI) Macu PeYOBUHU’:

w(E)="2E)
Mr

ne w(E) — macoBa uactka ximiuxoro enemenTa E, BupaskeHa B yacTKax
ONHMUITI;
n — KigbKicTh aTtomiB enemeHTa E, mosHaueHe iHgexcom y Qopmyi
CIIOJIyKU;
A, — BigHOCHa aTOMHa Maca ejeMeHTa E;
M  — BigHocHa MoJieKyJspHA (ab60 (popMysabHA) Maca PEYOBUHU.

r

@DizyuHUE 3MIiCT MacoBOI YACTKM IMOJISITAa€ B TOMY, IO BOHA IIOKAa-
3ye macy aromiB meBHOTo esiemeHTa B 100 r peuoBuHH. MacoBy 4acTKy
MOJKHa BHUpPaKaTH B YacTKax oAmHUIIL abo y Bimcorkax. 11106 mepeBecTu
YacTKM OAWHUIN Y BiICOTKHU, CJOin omep:kaHe 3a (OpPMYJIOIO 3HAUEHHS
momHOXKUTH Ha 100% .

3BepHIiTH yBary! CymMa MacoOBUX YACTOK yCiX eJIeMEHTIiB, III0 MiCTATHCSA
y CKJaJi CIOJNYyKHU, Mae mopiBHioBaTu omuHuIii aéo 100 %.
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Hpuxaan. O6yuciiTs MacoBi YyacTKM XiMiUYHUX eJIeMEHTIB y BOAi.
Posg’azannsa:
O0uymcaMMO BiJHOCHY MOJEKYJIAPHY Macy BOIN:

M,(H,0)=2-A (H)+A,(0)=2-1+16=18

O6uucanmMo MacoBy udacTKy lizporeny:

w(H)=w=i=0,111, ado 11,1%
M (H,0) 18

CyMa MacoBHX YAaCTOK YCiX ejleMeHTiB y peuoBuHi gopisuioe 1. OTixe,
MacoBy YacTKy OKcureHy MO:KHa OOUMCINTM, BigHiMamuu Bi OgWHMITI
MacoBy 4dacTKy ligporeny:

w(0)=1-w(H)=1-0,111=0,889, a6o 88,9 %

Bionosgiov: w(H)=11,1%, w(0)=88,9%.

Q KOHTpONbHI 3annTaHHA

1.

2.

3.
4.

[laTe BU3HaYeHHA NOHATb «BiAHOCHA aTOMHa Maca» N «BiJHOCHa MOJIEKY-
nApHa macar. Lo B LuboMy BUMNafgKy O3Haya€ C/IOBO «BifHOCHa»?

[nAa AKX peyoBUH BMKOPUCTOBYIOTb TEPMIH «MONEKYIAPHa Macay, a AnA
AKNX — «POpMynbHa Maca»?

Ak 06UNCNIOTb BiJHOCHY MONEKYNAPHY Macy?

[anTe BU3HauYeHHA MacoOBOI YaCTKM efleMeHTa B pevyoBuHi. HaBegitb dopmy-
ny ans i 06UYNCNEHHs.

f 3aBAaHHA AnA 3aCBOEHHA MaTepiany

1.

O6uncniTb BiAHOCHI MoneKynApHi (GOpMynbHI) MacK Taknx PEYOBUH: XN0P
Cl,, cynbdatHa kucnota H,SO,, caxaposa C,,H,,0,;, rigporeH nepokcmpg
(nepekunc BoaHio) H,0,, kanbuin cynbdat (rinc) CasO,, Kpeiiaa CaCo,, ma-
naxit (CuOH),CO,.

O6uncniTb MacoBi 4YacTku BCix enemeHTiB y crnonykax: a) NO,; 6) PbCl;
B) Na,CO;; r) H,50,; ) Ba,(PO,),.



TEMA 1. BYQOBA ATOMA. NEPIOANYHUN
3AKOH | NEPIOANYHA CUCTEMA XIMIYHUX
EJIEMEHTIB

Y ubomy po3gini BU fisHaeTecs...

+ 32 AKMM NPUHLMMNOM KNacudikytoTb XiMiYHI eneMeHTy;

«  AKi iICHYIOTb Py XiMiYHNX efleMeHTiB;

+ wWo [lMepiognyHa cncTema — He 3BMYaNHUN nepenik efleMeHTiB;

«  AKy iHbopMaLilo MOXKHa [i3HAaTUCA 3@ MicLem XiMiYHOro enemeHTa
B [MepiognyuHin cncremi;

« un cnpasgi lNepiognyHa cnctema HacHuUnaca MeHpeneesy;

+ LI0 aTOM Ma€ CKnagHy Oynosy;

+ L0 NOPALKOBUA HOMEP XIMIYHOTO efeMeHTa Ma€ BeNMKUIA i3NUYHNIA
3MicT;

+ LWO eNleKTPOH € BOAHOYAC i YaCTMHKOI, i XBUNEID;

« WO came OGynoBa eNeKTPOHHOI OOONIOHKM aTOMIB 3yMOBIIIOE Mepioguy-
HICTb 3MiH XapaKTepy XiMiYHUX efleMeHTIB Ta BacTUBOCTEN X CMOMyK.

§ 4. Nepuwi cnpo6u Knacu¢ikauii XimiyHNX enemeHTiB

PoanHn ximiyHnx enemeHTiB

BigkpuBaroum HOBI XiMiuHiI eleMeHTH, HAYKOBIII movayu iX Kjaacudi-
KyBaTu 3a MeBHUMU o3Hakamu. OmHi€0 3 mepiux cmpobd 6yJI0 BUOKpeM-
JIeHHSI IPUPOSHUX POAUH eJIeMEeHTiB.

IIpupoagHa poamHa XiMIiUYHHX eJIeMEHTIB — IIe rpylna XiMiuHumx
eJIEeMEHTiB, II[0 MalTh MoAiOHi xXimiumi BilacTHMBOCTI.

Hampurnan, Kamniit 3a 6araTbMa o3HakaMu cxo:kuii Ha Hatpiit. ¥V cmo-
JYKaX BOHU OJHOBAJIEHTHi, & OCHOBU, AKi BOHU YTBOPIOIOTH, € JyraMmu.
Came ToMy IX Ha3WBAaIOTh JYKHUMU ejeMeHTaMl’. TaKoyK icHyroTh iHmIi
eJIeMeHTH, AKi 8a BiaacTuBoctamu moxiOui mo Kaumito it Harpio. Ix Bugi-
JISIOTh B OKPEMY POAUHY — pPOOUHY JAYHHUX eleMeHmis.

I3 BiZKpUTTAM HOBUX XiIMiUHMX e€JIEMEHTIB Ta IOCJIiAKeHHAM ix
BJIACTHUBOCTEH KiJbKiCTh NPUPOSHUX POAUH €JeMeHTiB 30iJbIyBajacsd.
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IeAaKi poarHU OTpUMAJIM BJIACHI HAa3BU U Y cydyacHi! XimiuHiit siTepaTtypi
yacrimie 3ragyioTbcsa caMe 3a HuMu (Tabda. 2).

Ta6éaumnga 2. Poogunu XiMiyHMX eJIeMeHTiB
(3a koporkum BapianTom IlepioguunHoi cucremmu)

I'pyna

& I II A% VI VII VIII

o=

& Jly:xni Jy:xHO- IMuikTo- | Xaabko- |Tamoremm®| Imeprni

R | enementn! | zemensi reau’ regn? exeveHnTHS

elleMeHTH?

1 He

2 Li N o F Ne

3 Na P S Cl Ar

4 K Ca As Se Br Kr

5 Rb Sr Sb Te I Xe

6 Cs Ba Bi Po At Rn

7 Fr Ra Mec Lv Ts Og
I — YrBopiooTh ayru. 2 — YTBOPIOIOTH 3eMJIi (Tak paHillle HA3UBANN OKCHIM),
IO Y BOJi IepeTBOPIOIOTHCA Ha JYIH. 5 — YTBOPIOIOTH 3aAyILINBI PEUOBUHH.
4 — BinpmmicTh eleMeHTiB TpaIIAIOTLCA B IPUPOAL V cImoayKax i3 Kympymowm.

5 — YrBOpIOIOTE coui. 8 — € imeprHUMM, TOOTO HE3ZATHUMY BCTYIATH B PeaKIii.

VYci enemenTn, M0 HAJIEXKATH OO0 OHiEl POAMHM, YTBOPIOIOTH CIIOJIYKH,
10 BUABJAKITH CXOXKi Ximiuni I (ismuHi BiIacTMBOCTI.

BusasjeHHA NPUPOAHUX POAUH XiMIUHUX eJIeMEHTiB 3aIlouyaTKyBaJIo
OCHOBM KJacu@ikaiii xiMiuHUX eJIeMeHTiB i CIPUAJIO0 BIIKPUTTIO OI-
HOTO 3 (PpyHIAMEHTAJIbHUX 3aKOHIiB mpupoau — IlepiogmuHOro 3aKOHY
II. I. Menneneena.

Mepwi cnpobu kKnacueikauii XimiyHUX enemeHTIB

Tpiagu [lebGepeiinepa

Moran J[leGepeiiHep — NepIIuii HAyKOBeIb, AKOMY BAAJIOCH
3’dcyBaTH IeBHI 3aKOHOMiPHOCTiI B xapakTepi XiMiuHUX eJeMeHTiB i ix
CIOJIYVK. rDYHTyIOqI/ICB Ha CHiJIbHMX O3HAKaX XiMiUHUX eJeMeHTiB, BiH
3alPONOHYBaB 00’eAHATU AeAKi eJleMeHTH B TPYHH, 110 MiCTHUJIU IO TPHU
enemenTu (mpiadu). Ilepimoio Tpiamoio, sampormoHOoBaHOIO [lebepeiiHe-
pom 1817 pokry, Oyau Jy:KHO3eMeJNbHI Meradiuui exemenTu KanbIriii,



§ 4. Mepwi cnpobu knacudikalii XiMiuHUX enemeHTiB

HimeubKkunin HaykoBelb. HapoamnscA B HeBenuKo-
My MicTeuky B baBapii B 6iHili poauHi. 3 OUTNHCTBa
LlikaBUBCA XiMI€EIO 1 MOYATKOBI XiMiYHi 3HAHHA 340-
6yB CaMOCTIlNHO, @ B 14 poKiB CTaB MOMIYHMKOM ar-
TeKapA. He3Baxatum Ha BigCYTHICTb XiMiYHOI OCBITH,
6yB pagHMKOM i3 Ximii noeta BonbdraHra lete, Akunii
Ha TOW Yac o4OosoBaB ypAfd Benmapcbkoro repuor-
cTBa. [lebepeiHep Tpuui pobus cnpobu 3anmmaTncs
KomepLi€to, ane 6aHKpyTyBaB. [1paLooumn B yHiBep-
CUTETI, BiH HaMaraBca cUCTemMaTU3yBaTu XiMiuHi ene-

MEHTW, rpynytoumn iX y Tpiagn. Bigkpus Katanituuny MoraH Bonbdraxr

Oil0 MNaTuUHKW, YMM 3acCHYBaB HOBUW po3[in Ximil, Neb6epeiiHep

AKNI CbOTOAHI Ha3VBalOTb rEeTEPOreHHVIM KaTasli3oMm. (1780-1849)
Ca | Sr | Ba Li | Na | K S | Se | Te
40 | 88 | 137 7 23 | 39 32 | 79 | 128

(40 + 137) : 2 = 88 (7" +39):2=23 (32 + 128) : 2=80

Man. 4.1. Mpuknagn Tpiag — rpyn XiMiYHUX enemeHTiB, 3anpornoHoBaHux [debepeiiHe-
pom. Mig cMmBOoNaMm XiMiYHUX enleMeHTiB HaBeAeHi X BifHOCHI aTOMHI mMacu (OKpyrieHi)

Crpoumniit i Bapiii. Uepes 12 pokiB BiH ycTamoBuUB imie aBi Tpiagwm:
ay:xxauX enemeHntiB (Jlitritt, Harpi#t i Kamift) i xanskorenis (Cyasdyp,
Cener i Temyp). YueHuii momiTus, IO B MesKax IIUX Tpiaa BimHocHA
aTOMHA Maca CepegHBLOTO eJeMeHTa IIPUOJM3HO JOPiBHIOE CEPeIHBOMY
apudMeTuuHOMY Mac ABOX iHImMuUX (MaJj. 4.1). 3akon Tpiazg JlebepeiiHepa
OyB HMiATPYHTAM /s TMOJAJBINOI cucTeMaTu3alrii XiMiuHUX eJeMeHTiB.

OxraBu Hepromenaca

1864 poxry [:xou Hrionenpac ymepiie posTarmiyBaB yci Bigomi Ha Tou
yac XiMiuHiI eleMeHTU B papn 3a 30iJbIIeHHAM IX BiHOCHUX aTOMHUX
Mmac. BiH BigsmauuB, 1110 B IIbOMY JIAHITIO31 IIEePiOAUYHO 3’ ABIAIOTHCI Xi-
MiuHO moxmioHi enmemenTu. IIpoHyMepyBaBIIy BCi e1eMeHTH ¥ 3icTaBUBIINT
HOMEepH 3 XapaKTepoM ejieMeHTiB, Hblo/ieHac SiHAIIIOB BUCHOBKY, IO KOMK-
HUHM BOCHBMUII eJIEeMEHT € IOAiOHMM 3a BJIACTHUBOCTSIMH IIEPIIIOTO eJIeMeH-
Ta, TaK caMo0, IK y MY3HIli BocbMa HOTA B OKTAaBi € MOAiIOHOIO M0 mepIiIoi
(mau. 4.2, c. 18). CBoe BiIKPUTTA BiH HasBaB «3aKOH OKTaB»: HOMepPH
HOomiOHMX eJeMeHTiB BipidHAIOTHCA Ha ciM ab0o Ha UMCJI0, KpaTHe CeMHU.
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AHrninceKun ximik. Hapoaneca B JIOHOOHI B poau-
Hi cBAWeHHMKa. Big 1864 poKy 3aMmaBcAa cuctematu-
3aui€lo XiMiYHUX eneMeHTiB. [1icna BiAKPUTTA «3aKOHY
OKTaB» 1866 poKy BiH fOMOBIB NPO Lie JIoHAOHCbKOMY
KOPOJNIBCbKOMY TOBapuUCTBY, ajfie MOro BIigKPUTTA He
nigTpumanu. 13 rnysyBaHHAM WNOMY 3anporoHyBanu
po3TallyBaTh efiemeHT/ 3a andaBiToM — MOXe, TaK
BiH MOMITUTb LLe OfHY 3aKOHOMIpHICTb. [licna BigKpuUT-
TA MeHgeneeBa HbtoneHac noyaB 6opoTbOy 3a BU-
3HaHHA npiopuTeTy BigKpPUTTA [lepioguyHOro 3akoHy

3a cobolo, ane Tak i He gomirca csoro. Ha BigmiHy Big I>xoH OnekcaHap
HobloneHaca, MeHaenees He nuile BiAKPUB LIEN 3aKOH, PeiHa HbloneHac
ane i 3po6bvB NeBHi nepenbayeHHA Ha MOro OCHOBI. (1837-1898)

A BTiM, 3acnyrn HbtoneHaca 6ynu Bif3HaueHi HanBu-
LLIOKO Ha TOM YacC Haropozo — 30/10TO Medanio [esi.

0 €
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QV'OG
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T
i
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-

H Li Be B C N O F Na MgAl Si P S Cl

Man. 4.2. Npuknagn oKTaB y My3uLi Ta OKTaB XiMiYHMX eNeMeHTiB,
3anponoHoBaHNx [oHom HbtoneHgcom

Orxe, Hbrosenacom OyJio Bieplile BUCYHYTO IPUNYIIEHHA IIPO Iie-
piogmuHicTh 3MiH xapakTepy ximiunux esnementiB. Ogaak HrwioseHac He
3Mir BuABUTH (Hi3MUYHUHN 3MiCT CBOTO BiKPUTTA.

Taoauua Jlorapa Meepa

Tpoxu misumimie Bix Hreioseuaca, 1864 poky, cBOIO MmepIIy TaOJIHUITIO
xiMiuHUX esieMeHTIiB omyOJaikyBaB Himenbkuit ximixk Jlorap Meep. Ta-
oaumsa criazangacsa iz 43 eseMeHTiB 3-mmomisk 63 BimoMmx Ha TOHM uyac
(mag. 4.3). Meep poaraliryBaB ejieMeHTU 3a 30iJbIITEHHAM BiJHOIIIEHHS
MOJIAPHOI Macu MPOCTOI PEYOBMHU M0 ii MOJIAPHOTO 00’eMy. AHasisynoun
oTpuMaHi AaHi, BiH cmocTepiraB IepiogmuHy 3MiHY XapaxkTepy eJieMeH-
TiB. Asie po6ora Meepa He Oyja cUCTeMaTUYHOIO ¥ He MaJjia XapaKTepy
3akony. Meep HaBiTh He 3amifos3puB, IO AJA AeIKUX €JIeMEHTiB Oyjau
HeIIpaBUJIbHO BM3HAUYEHi aTOMHI Macu, a Iie, CBOEI0 Ueprol, BHOCHJIO



§ 4. Mepwi cnpobu knacudikalii XiMiuHUX enemeHTiB

Himeubkum ximik. Hapogueca B poauviHi nikaps.
Mag cnabke 340pOB'A, TOMY CepefHto OCBiTY 3400yB
nnwe y 20 pokiB. 3aKiHUMB MeauyHUI dakynbTeT
y Lltopixy. Micna uboro BrBYaB razoobMiH Yy KpOBI
B nabopatopii byH3eHa. lNpautoBaB nepeBa)HoO B ra-
nysi ¢isnyHoI Ximii. YnepLie noyas BMKOPUCTOBYBA-
TV OKCMIEeHOBUI €TaNIOH AJ1A BU3HAYEHHSA BigHOCHNX
aTOMHUX Mac. Y cBoii Tabnuui 1870 poky Meep
NPaBWIbHO PO3TallyBaB ejfleMeHTU (3anvwmB i no-
POXHi MicuA), ane, Ha BigMiHY Big MeHpeneesa, He
3aCTOCyBaB CBOI pe3ynbTaT aHi ANA NepepaxyHKy
aTOMHUX Mac, aHi ana nepenbayeHHsA BIACTUBOCTEN
ile He BigKpuTUX enemeHTiB. OgHak 1882 pokKy 3a
Lie BiZKpUTTA ByB Haropoa KeHW 30510TO Mefansio
[HeBi pa3om i3 MeHpgeneeBnm.

Oniyc Jlotap Meep
(1830-1895)

dwertig Jwertig Z-wertig T-wertig T-wertiyg Z-wertig
= 2 = - Li=7.03  (Be=937)
Differenz = - - - - 16.02 (147
C= 120 H= 1404 0= 1600 F= 1900 MNa=2305 Mg=240
Differanz = %5 15,95 1507 1448 1508 150
Si=285 P= 310 S= 3207 Cl=3546 K= 3913 Ca=40.0
Differsnz = 891222482 EERd 87 48 353 7%
- A= T5.0 SewTB8 Bre7987 Rb=B854 Sr=8if

Differenz = 1488 456 95 458 478 435
Sn=117.6 Sb=1206 Te=1263 J= 1268 Cs=133 Ba = 1371

Differsnz = BI432447 &Td=2437 - - T1=2355 -
Pb=207.0 Bi~208.0 - - Tl = 2047 =

Man. 4.3. ®parmeHT Tabnuui Jlotapa Meepa

MeBHI mMOXMOKU B HOr0 BiAKPUTTA I He JaBajio 3arajJibHOTO PO3YMiHHSA
kaacudikaiii XiMmiyHUX eJeMeHTiB.

Y 6inblIOCTi €BPOMNENCbKUX KpaiH, fK i B YKpaiHi, MNepiognuHy cuctemy
XiMIYHUX efneMeHTIB Ha3uBaloTb iM'aAm OmuTpa IBaHOBMYa MeHpeneeBa.
Y peakux KpaiHax Ti Ha3uBawTb npocTo [lepiognuHolo cuctemolo 6e3
6ynb-AKOro iMeHi, Xxoua BM3HalTb npioputeT i BigKpUTTA 3a MeHpaene-
esum. A B CLUA [lMepioanuHy cnctemy HasmBaoTb iM'aAm Jlotapa Meepa.

JliHegicmuyHa 3a0aya

Y nepeknagi 3 rpeubKoi 2a/10C O3HAYa€ «Cifby, Xa/IbKO — «Mifib», NHIKMO — «3afyLu-
NNBUINY, 2eHEd — «HaPOLXeHHsA». flke 3HaYeHHA, Ha BaLly YMKY, MaloTb Ha3BM POAUH
«rafioreHn», «XaIbKoreHu» i «MHiKToreHn»? Yomy Ui poanHu 6yno Ha3BaHO came Tak?
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BucHoBKM

1.

Big MomeHTY BIOKPUTTA MEBHOI KiNbKOCTI XiMIYHMX eNeMeHTIB XiMik/ Ha-
Maranuca ix knacudikysat. OpHielo 3 nepwmx yganux cnpob 6yno Bia-
KputTs [ebepeiHepom Tpiag — efeMeHTiB i3 NodibHMMN BNacTUBOCTAMY,
3aBAAKM YOMY CbOrofHi BUAINALTb 6araTo NMPUPOAHUX POAMH XiMIYHUX
enemeHTiB (ny»Hi, iHepTHi ToLO).

Jo BigkpuTTA MepiognuHoro 3akoHy 6ynu 3pobneHi Wwe ABi BAani cnpo-
6u Knacuodikauii XimiyHUX enemeHTiB: OKTaBM HbloneHaca Ta Tabnuus
Meepa. Ane ui BiAKpuUTTA He Habynu cTaTycy 3aKOHY, OCKiNbKM iXHi aB-
TOPW He 3MOMN BUKOPMCTATU CBOT 3400yTKN AnA $opmynioBaHHA 3a-
rasbHMUX 3aKOHOMIpHOCTeN i nepefbayYeHHA iCHyBaHHA HOBUX XiMiUHUX
efleMeHTIB.

KoHTponbHi 3annTaHHA

1.

2.

Ha3BiTb BifOMi BaM poAMHUN XiMIYHMX €NIeMEHTIB i CTUCIIO CxapaKTepusyi-
Te OAHY 3 HUX.

BusHaute BHecok [ebepeiiHepa, Hotonenaca Ta Meepa B Knacudikauito xi-
MiYHUX enemeHTIiB. YMm LiHHI ixHi BigKpnTTA? YoMy BOHM He 3ac/yroByioTb
Ha 3BaHHA «3aKOH»?

YKaxiTb, AK Ha3nBalOTb enemeHTU nepwoi rpynu MNepiognyHoi cncremum:
a) Ny»kHi; 6) Ny>KHO3emesbHi; B) pifKiCHO3eMesbHi.

YKaxiTb, AK Ha3MBaloTb enemeHTU Cbomoi rpynu [lepiognyHoi cucremum:
a) xanbkoreHu; 6) ranoreHy; B) iHepTHI.

3aBAaHHA AnA 3aCBOEHHA MaTepiany

1.

I3 HaBepeHOro nepeniky XiMiYHVX enemMeHTiB BUMMWLLITb OKPeMO: a) NyXHi
enemeHTy; 6) Ny»KHO3eMesNbHi eneMeHTY; B) rafioreHu; r) iHepTHI enemMeHTu.
Br, Na, Al, Ca, S, Xe, K, Cl, I, Li, Ba, Ne, Be, Rb, Sr, F, Fe, He, H.
Bukopuctosytoun MepioanuHy cuctemy Ha dop3ali, cknagite dbopmynn
cnonyk i3 ligporeHom: a) ranoreHis; 6) xanbKoreHis; B) MHIKTOreHiB. Y Lux
CrNonyKax yci efleMeHTV BUABMAIOTb HVXKYY BaNeHTHICTb.

CknagiTb y 3aranbHoMy BUMMAAI GOPMyNnM OKCUAIB i TigPOKCMAIB MeTaniy-
HUX enemMeHTIB: a) Ny>KHUX; 6) Ny»Ho3emenbHUX. Bukopuctosytoun Li dop-
MynW, CKNagAiTb y 3arasibHOMy BUMAAI PIBHAHHA peaKkuil OKCUAIB NYyXHUX
i Ty>KHO3eMesIbHUX efleMeHTIB i3 BOAOl0.

3Hanaitb y MNepiognyHin cnctemi NPpUHaNMHI TPX NPUKNAAN XiMiYHKX ene-
MEHTIB, WO AOBOAATb YCTaHOBNEHI [JebepeiHepoM 3aKOHOMIPHOCTI Y Bifi-
HOCHVX aTOMHUX Macax efleMeHTiB.

Ak BU BBaXka€Te, AK Ha3BaB 6w CBill 3aKoH [>koH HbloneHac, AKOM Ha Tou
yac 6ynu Bifomi iHepTHI enemeHTU?



§ 5. JlykHi enemeHTN, ranoreHyn Ta iHepTHi enemeHTn

Mpuvrapante:

+ AAK B3aEMOAIIOTb Pi3Hi okcuam 3 Bogoto (3a § 2);
+ YOMY NyXKHi enemeHTU OoTpUManu Taky HasBy (3a § 4).

Jly>KHi enemeHTM

Jly:kHI eleMeHTM — Iie HallaKTHBHIII MeTasiuHi ejleMeHTU, BOHU
poamimieni B I rpyni Ilepioguunoi cucremu.

Jly:kHi eleMeHTH:

+ HaaKTUBHIIIIL Me-
TaJivHi eJIeMeHTH;

* BUSIBJISIIOTH CTAJIy
BaJIEHTHICTB I;

* 3IaTHi yTBOPIOBATU
JayTU

3araiubHi dopmyau

CIOJIYK:

+ okcuzis — R,0;

* Tizpokcunis
(myris) — ROH

Jly:xHi MmeTann:

+ JIeTKi, M’ aKi;

* HaA3BUUYANHO Ximiu-
HO aKTUBHI

Jliriit Li, Harpiti Na, Kamiit K,
Py6igiit Rb, Ilesiit Cs, ®panuiii Fr

IIpocTi peuoBuHM MeTanu, YTBOPEHI MUMU
eleMeHTaMU, TaKOK Has3WBAIOTh JYKHUMU.
Bonu smaumo Jjermri 3a immi metanu (3aJiso,
Minb, amoMiHiit), gyske M’ aKi, IX MOKHA pisaTu
"HOKeM (Mag. 5.la).

Jly:xHI MeTanum MapOTh HaWsACKpaBille BU-
SABJIEH] MeTaJIiuHi BJIACTUBOCTi: BOHU BCTYHAIOTh
y peakmii 3 KucHeM, BOZOIO # KHCJIOTaMH. Ix
B3a€EMOZiA 3 BOJOIO BinOyBaeTbCcA OyKe aKTUB-
HO, iHOomi 3 BuOyxom (maj. 5.16).

Tigpoxkcuam Jny:KHUX eJIeMeHTiB — poO3-
YuHHI 0CHOBU (JIyru) i3 3arajbHOIO (OPMYJIOIO
ROH, ne R — Oynb-saxkuii i3 Jy»KHUX eJIeMeHTiB,
HAIPpUKJIALI:

Na,0+H,0 = 2NaOH

6

Man. 5.1. Hatpin moxHa pi3atn Hoxem (a); B3aemogis Kanito 3 Bogoto (6)
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ligpokcunu Py6imiro #1 Ilesito Taki akTuBHi, 110 IX KOHIIEHTPOBaHi
PO3YMHU JIETKO PYHHYIOTH CKJIO HaBiTh 3a KIMHATHOI TeMIlepaTypu, a Po3-
IJIaBM — B3aJIid0 ¥ HaBITH IJIaTUHY.

Jly:xHi eleMeHTH yTBOPIOIOTh OKCUAM i3 3aranabHOI0 (opmynono R,O:

4Li+0, = 2Li,0

JIy:xkHi MeTamm HACTIILKM aKTUBHIi, 10 TPANJIAITHECA B IIPUPOJi BU-
KJIIOYHO YV BUIIAAL cuooayK. [[oOyBaloTh iX 3a3BUUail Ji€i0 eJIEKTPUYHOTO
CcTpyMy Ha ixXHi cmoayku. Hartpiil i Kaiifi ynepime 6yiau gooyti Maiikiaom
dapageem came B TaKuil cmoci6.

[anoreHun

T'amorenu — I1e HaaKTUBHIINI HeMeTaJiuHi ejieMeHTH, BOHU PO3-
mimieni B VII rpyni Ilepiognunoi cucremu.

EnxemeHTH-TajIOTE€HU:

+ HAWaAKTUBHIIIII HeMeTa iuHi
eJIeMeHTH;

* BUSBJSIOTH 3MiHHY
BaJIEHTHICTB, ajie BCi MOKYTh
BUABJATYU BaJeHTHICTH I

3araabHi ) OPMYITU CHOIYK:

* okcunis — R0, (kpim Duryopy);

* JIETKUX CHOJYK i3 I'ixpo-
reasom — HR;

IIpocTi peyoBMHM raJIOTEeHM:

* YTBOPEHi IBOATOMHUMHU
MoJieKyIamMu Ry;

+ HaJ3BUYANHO XiMiuHO aKTUBHI

®ayop F, Xaop Cl, Bpom Br,
HMox I, Acrar At, Tenneccin Ts

I eleMeHTiB-TaJOTeHIB TaKOMX
XapaKTepHi CIiJbHI BJacTUBOCTi, 30-
KpeMa, y CHIOJYKax yci BOHU 3aaTHI
BUABJATH BaJeHTHicTH I.

IIpocTi peuoBMHM, YTBOPEHi HmuUMU
eJeMeHTaMM, TaKOXX HasMWBalOTh TaJjio-
resamu (maJj. 5.2). l'ajorenu € pevyoBu-
HaMU MOJIEKYJIAPHOI 0yI0BU, MOJIEKYIN
AKHUX CKJIANAIThCA 3 ABOX aromis: F,,
Cl,, Br,, L.

Man. 5.2. TanoreHu 3a 3BMYaNHUX
yMOB nepebyBatoTb y Pi3HMX

arperaTHMX CTaHax:

a — XNOp — OBTO-3e/IeHNiA ras;
6 — 6pom — neTKa pignHa YepBOHO-
6yporo Konbopy; 8 — op — neTtka
KpucTaniyHa pevyoBUHa YOPHO-
dioneToBOro Konbopy 3 MeTaniuyHnm
611CKOM




§ 5. JlyxHi enemeHTW, ranoreHn Ta iHepTHi enemeHT”

Tajmoreru — HaliakTuBHIiIII HeMeTaau. BoHu pearyioTh i3 6ararbma
peuoBuHaMu. A B armocdepi propy HaBiTH Bojga 3maTHA TOPiTH:

2F,+H,0 = 2HF + OF,

I3 BomgHeM rajioreHm TaKOK B3aEMOMIIOTH AYy’Ke aKTHUBHO, iHOIL 3 BU-
oyxom. PesysnbraTom peakiiii € jieTki cmonyku 3 I'izporeHom 3arajbHOTO
ckaany HR, BomHi po3umHM SAKUX € KUCJIOTaAMIU:

H,+F,=2HF
H,+Cl, = 2HCI
TamoreHu akTuBHO pearyroTh i3 meramamu. IIpogykTamm Takux pe-
aKIi € coyi — rajsorewigu (dayopugu, XJopumu, Opominm, HogumI):
Mg +Cl,, = MgCl,,
2Al1+3Br, = 2AlBr,
CaMe 3aBASIKY BJIACTUBOCTI YTBOPIOBATH COJIL IIi eJIeMeHTU 1 Ha3BaJl

rajoreHamu (Big rpei. zasoc — cinib).
IHepTHI enemeHTN

Ille ogny pomumuy yTBOpIiOIOTHL ejdemeHTu VIII rpynum Ilepiogmunoi
cucrteMHu. [X Ha3WBAIOTH iIHEPTHUMHU €JI€eMEHTAMM.

T'emxiit He, Heon Ne, Apron Ar, Kpunroun Kr, InepTHIi exeMeHTH:

Kcenon Xe, Pagon Rn, Oraneccon Og * XiMiYHO HEaKTHUBHI;
* Y IPOCTUX PeUo-

ITpocTi pevyoBMHUM IuUX e€JIeMEHTIB Hal3W- BUHAX iCI?YIOTB
BalOTh iHepmHuMmu (61a20pOOHUMU) 2a3AMU, y BUTJIAL OKpEMUX
BOHU CKJIAZAIOTHCA 3 OJHOATOMHHUX MOJIEKY.JI. aromis
Vci BoHM 3a 3BUUYAHUX YMOB € rasaMu, sKi
B HE3HAYHUX KiJBKOCTAX MICTATHCA B MOBIiTPi.

HoHemaBHa BBayKaJau, IO iHEPTHI rasm B3araji He YTBOPHIOIOTH
ximMiuHHUX cmoayk (mpo mio cBiguuTh ixHa HasBa). OgHaK 3a ocTaH-
Hi AeKiJbKa JecATUJIITh HAYKOBISAM yJajocd AOOyTu GaraTo CIOJYK
Kpunrony, Kcenony 1 Pamony 3 Oxcurenom ta ®@ayopom.

Haiinermnii 3 inepTHux eemMeHTiB — [esiit — OyB mepIinum XiMiuHuM
eJeMeHTOM, BUSBJEHHUM I103a 3eMJeio. AHali3ylouu BUIPOMiHIOBAHHSA
CoHIlA 3a JOIOMOIOIO CIeKTpanabHoro aHamizy, II’ep Kamcan 1868 poky
BUSABUB CBiTiHH#A, He XapaKTepHe IJs KOTHOTO 3 BimloMMX Ha TOHW Uac
enementiB. Came Tomy Iieil eimeMeHT OyB HasBaummii I'emiem (Bim rpeir.
zeqioc — cowure). I[leBHaA piu, CKJIAAHO BiIKpUTU eJleMeHTH, AKi He yTBO-
PIOIOTH CIIONYK, aJie Iicasa BiZKpuTTa 'esrito HAyKOBIIi Iouaau peTesbHilIe
BMBYATHU ra3mW ¥ He3abapoMm BiAKPWJIM BCi iHepTHi eseMeHTH.
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T/Q BucHoBKM
-9

s

1.

HarxapakTepHilli poAnHN XiMIYHMX eNleMeHTIB — Lie Ny>KHi eneMeHTH, ra-
NOreHn Ta iHepTHi enemeHTU. KoXKHa pOAMHA XapaKTepu3syeTbCA CMiflbHM-
MU BNIAaCTUBOCTAMM AK €/IEMEHTIB, TaK i yTBOPEHMX HMMW CMONYK.

JIy>XHi eneMeHT — aKTMBHI MeTaniuHi enemeHTu, Yy Crnosiykax BUABMAAIOTb
BaneHTHICTb . MpocCTi peuoBuHN, YTBOPEHI HUMU,— NYXKHi MeTann — ak-
TUBHO B3aEMOZiIOTb i3 BOAOIO, raoreHamu Ta iHWUMWN peYOoBUHaMMN.
[anoreHn — aKTUBHIi HemeTaniyHi enemeHTW. YCi ranoreHn 3pgaTHi BUAB-
NATW BaneHTHIcTb |. MpocTi pevyoBUHN ranoreHis yTBOpeHi ABOATOMHUMN
MOJieKyflamun, BOHW BUABMAIOTb BUCOKY XiMiYHY aKTUBHICTb, B3aEMOZiOTb
i3 6araTbMa peyoBMHaMM.

KoHTponbHi 3anuTaHHsA

1.

2.

Ha3BiTb CnifbHi 03HaKM NY>KHUX efleMeHTIB, raJioreHiB Ta iHepPTHUX ene-
MEHTIB, 3aBAAKN AKUM iX BUOKPEMIIOIOTb Y POANHMN.

MepeniviTb XimMiYHi enemeHTU-rasioreHy, BUNMWITb IXHi CUMBONN Yy CTOBM-
UMK, YKaXKiTb, MeTaniuHi Ui eneMeHT um HemeTaniyHi.

YmicT Pybigito B 3emMHili KOpi Maixe Takuin camuii, Ak i Kynpymy. Ane, Ha
BiMiHY BiJ ocTaHHbOro, Py6ifiit He yTBOPIOE BAACHUX MiHEPaniB i, 3BMYali-
HO, pyA. 3anpOnoOHYITe NOACHEHHA Lboro dakxTy.

Enementn VIII rpynu MepiognyHoi cnctemy HasuBaloTb: a) iHEPTHUMU;
6) ranoreHamu; B) Ny>KHUMMU.

3aBAaHHA AnA 3aCBOEHHA MaTepiany

1.

YsBiTb, WO Mepea BaMmn OAHAKOBI 3a GOPMOIO 1 PO3MIPOM 3pasKu NiTito
1 3ani3a. AK BigpPi3HUTY Li PeYOBUHN, FPYHTYIOUNCDH JIMLLE HA BiAMIHHOCTAX
X Gi3UYHUX BACTUBOCTEN?

CKknagiTb piBHSAHHA peakuii B3aemogii Oyfb-SKOro 3 rajioreHis: a) i3 Kaniem;
6) KanbLiem; B) a/IlOMiHIEM; T) BOOHEM.

Cuniuin B3aeMopie 3 XJIOPOM 3 YTBOPEHHAM Buworo xnopugy. Cknagito
bopmyny cnonykn Cunidito 3 Xnopom, AKIO OCTaHHIN BUABASAE B L Cro-
Nyui BaneHTHICTb .

Kanii 3a cnabkoro HarpiBaHHA GypXSIMBO B3aEMOJIE i3 CipKolo, a po3nnas-
NeHni Kanin 3ropse B atmocepi xnopy. Cknagitb piBHAHHA peakLii.

Y AKoMy OKCuAi Ny>KHUX eleMeHTiB MacoBa YacTka OKcureHy Hanbinblia?
3HangiTb y AOAATKOBIN NiTepaTypi iHPopMaLilo Npo BigKPUTTA iHEPTHUX
rasis. fIK BU BBaXa€Te, YUM MOXKHa MOACHWUTU TO GaKT, Wo BCi 6raropoaHi
rasu 6ynu BiIKpuUTi Malke ofHo4acHo: y nepiog 1894-1900 pp.?

JliHegicmuyHa 3adaya

Y nepeknagi 3 rpeLibKoi XJ10p0oc 03HaYaE «3eNIeHNIN», GPOMOC — «CMEPAIYUNIAY, (iodec —
«dioneToBuii». I3 AKMMIN BNACTUBOCTAMY XJIOPY, BpoMy Ta ofy NoB’A3aHi iXHi Ha3Bu?



§ 6. Cknag atomiB: AAPO Ta eNeKTPOHMN

Bu3HaueHHA cknagHoi OynoBu aTtomiB

Bawm y:xe Bimomo, 1110 BCi PEUOBWHU CKJIAJAIOTHCA 3 aTOMiB, MOJEKYJI
abo #toHiB. CBOEIO UEpProm, MOJEKYJU TAa HOHU YTBOPIOIOTHCA 3 ATOMiB.

TpuBanauii yac ysaskajau, IO aTOM HEMOKJIMBO PO3MiINTH Ha IPio-
gimri wactuaku. [[o mouarky XX crosirTTa Oysa Bimoma Juile ogHa Kijlb-
KicHa XapaKTepHCTHKA aTOMiB — BiffHOCHa aToMHa Maca, came il OyJo
B3ATO 3a OCHOBY KJiacu@ikarii ximiunux ememenTiB. OgHaK, BUKOPHUCTO-
BYIOUM JIUIIIE MAcCy aTOMiB, He MOJKHA IOACHUTU IPUYNHU IIE€PiOJUUHOCTI
3MiHU iX BJyIacTmBOCTeli. Byno He 3po3yMijsio, YoMy aToMu 3 OJU3BKUMU
MacaMu, HampukJgan AumomiHi#n i Curimiii, icToTHO BigpisHAMOTHCA 3a
BJIACTHUBOCTSMM, TUMUYACOM SK aTOMHU 3 Pi3HMMH MacaMH MOXKYTb MaTH
noxibHi BiractuBocTi. OT)Ke, OJA XapaKTepPUCTUKU aTOMIB 3HAHHS JIHIIE
ix Macu He JOCTATHBLO. ¥YcCe Ile HaJAIIITOBYBAaJIO HAYKOBI[IB HA AYMKY ITPO
Te, IO aTOM Mae€ CKJagHy OymoBy. Ha mouatrky XX crosiTrsa OyJio BuU-
CJIOBJIEHO OaraTo rimoTes IOA0 MOJeJi BHYTPiIIHLOI OyZOBH aToMa, MAe-
AKiI 3 AKMX IoJaHi Ha MaaoHKY 6.1.

Hait6inpmux ycmixiB y gocaifyKeHHI aToMa AOCAT aHTJIICBKUIT Ha-
ykoBenib Epuaect Pezepdopza. 1909 porxy BiH 3mifiCHUB e€KCIEPUMEHT,
y AKoMy OomOapayBaB 30JI0TY (hOJIBI'Y IIOSUTHUBHO 3apsaAKeHMMHU aJibga-
yacTHHKaMu. BiabHIicTh i3 HUX, OIPOXOAAYMN KPisb (POJIBIY, HE BiIXUJIA-
JIUCSA Bijf IOYaTKOBOTO HAIIPAMKY, AeAKi TPOXM BiAXWIAINCA, a HEBEJINKA
KinbKicTh anb(a-uyacTHHOK 3HAYHO 3MiHIOBAJIU TPAEKTOPiIo I iHOMI HABITH

a 6 8

Man. 6.1. a — «kekcoBa» mogesib aToMa Binbama TomcoHa (1902), AKniA yaBnAB aToM
AK 3ryCTOK MO3UTMBHO 3apAgKeHoi maTepii, e PiBHOMIPHO PO3MOAiNeHi eneKTpoHu,
Haue poA3VHKM B KeKCi; 6 — «KeKkcoBa» mMofesnb, yaockoHaneHa [Ixo3epom [IoHOM
TomncoHoMm (1904), y AKil eneKTPOoHY PO3MilleHi B OQHIM MOWWHI 1 YTBOPIOIOTb
KOHLEHTPUYHI KinbLda; 8 — mofenb aToma XaHTapo Haraoka (1904), skuii npunycTus,
O aTOM CXOXMUI Ha nnaHety CaTypH: MOMOBUHY 06'eMy 3aliMa€e MO3UTUBHO
3apAaXeHa KynfA, HaBKONO AKOI CYyNyTHUKN-NEKTPOHN YTBOPIOKOTb KifibLie
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AHrnincekun  ¢ismk, naypeat HobeniBcbkoi npe-
MmiT 3 ximii 1908 poky. Hapogueca B pOAuvHi KonicHO-
ro manctpa. MpauoBaB y Kembpugxi, y nabopatopii
KaBeHpiwa nig KepiBHMUTBOM TOMCOHa. € 3aCHOBHU-
KOM HOBOrO HampAMKY Haykm — ApepHoi ¢i3nku.
CTBOPVIB yYeHHA MPO pafioakTUBHICTb Ta OyfoBY aTo-
Ma. 3anponoHyBaB HOBY Teopild OGyaoBM aToMa, fAKa
CbOrofHi € 3aranbHOBU3HaHOW. Llum BiH cnpocTy-
BaB ifel0 MPO HEeMoAifIbHICTb aToMa 1 MPUroOMLLVB
yBecb CBIT ige€to, Wo BCi Tina € 3pebinbworo no-
POXHIM MPOCTOPOM, Y AKOMY PyXalTbCA KPUXITHI EpHecT Pesepdopna
YACTUHKK. 3AINCHMB nNepLly WTYyYHY AQEPHY peak- (1871-1937)
Lilo 1 NPOAEMOHCTPYBAB MOXJIMBOCTi BUKOPUCTAHHA
AfepHoi eHeprii. MNepeabaunB icHyBaHHA HeWTpPOHa.

JeTijla y 3BOPOTHOMY HampAMKY. Pesepdopna mumcas, 1o me OyJio Tak
IOUBHO, HiOWM BM BHCTPIiJIOETE 3 TapMaTH B apKyII IIalepy, a rapMaTHe
AIPO BiAIITOBXYETLCS BiJi HHOTO W JIETHUTh HA3aJl BaM y YO0JIO.
PesysbTaTu 11bOr0 €KCIEPUMEHTY CYIIEPEeUNIN IIONYJIAPHAM Ha TOI yac
MozeasaM aTomiB. JIKOM «KekcoBa» MOJEJb aToMa BiAmoBimaja mgilicHOCTI,
TO asib(ha-yacTUHKYU Mayu O BiJIbHO MPOXOAUTH KPidb aTOMU 30JI0TOI (DOJIB-
ru (maya. 6.2). OckinbKu anbda-vacTUHKU 3apSaAKeHi IIO3UTHUBHO, TO [IJI
TOTO, 100 BiAIIITOBXHYTHCS Bif (DOJIBI'M, BOHU MAIOTh CTUKATHCS 3 iHIIINMU
HO3UTHUBHO 3apSAIKeHNMHN YaCTUHKAMM y CKJALi aToOMiB, fAKi yTBOPIOIOTH
3osioTy osbry. I pYHTYIOUNCh HA PE3yJbTATaX CBOTO €KCIIEPUMEHTy, Pe-
3epdopa MOBiB, IO MO3UTHUBHUU 3apsdAl B aTOMi 30CepeIKeHul y IIeHTpi
aToMa B Jy)Ke HeBeJHMKOMY 00’eMi, IKuil BiH HasBaB AApoOM. ¥ XOIi eKc-

YYYYYY

Man. 6.2. flkbu atomu $onbri Bignosiaa- Man. 6.3. 3miHa TpaeKTopii anboa-
NN «KEKCOBIN» mopeni, To anbda-yacTUHKM YaCcTMHOK NOB’'A3aHa 3 BifALITOBXYyBaHHAM
6e3 onopy npoxoaunnu 6 Kpisb MAACTUHKY Bil MO3WTMBHO 3apAMXKEHOro Aapa
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MIEPUMEHTY UMM OJIM)KYe O dAapa IIPOJIiTain
anb(pa-yacCTUHKY, TUM CUJIbHIIIIe BUKPUBJISAIA-
cA IXHA TPAEKTOPiA, a YACTUHKU, IO BIYUM-

AW TPSAMO B SAPO, BIAIMITOBXYyBaJauCS Bif =] ' ' o
HBOTrO I JieTinim Hasaz (Maia. 6.3). ] '.
Pesepdopa 3anpomoHyBaB CBOIO — nJaa- : a
HemapHy — MoOAeJb OyJOBU aroMa, KOO o
3 HEeBEJINKVMU 3MiHAMU MU KOPUCTYEMOCS IO
choromHi (maj. 6.4). 3rigHo 3 Ii€l0 MOAEJLIIO, =
BeCh MO3UTUBHUI 3aps aToMa 30CepeIKeHUl
y LIeHTPi — Anpi,— AKe OTOueHe HeraTuBHO Mar. 6.4. MnaHeTapHa
3apAgXeHNMU eJIEKTPOHAMM. EJIeI-CTpOHI/I py- mopjenb 6y}:|,OBVI aToMa,
XaThCA HABKOJO AJpa MEeBHUMH opbiTamu, 3anpornoHoBaHa
Haue miaHeTy HaBKoJ0 COHILA. Pesepdpopnom
.\‘_ ATOM — Ue eneKkTpoHenTpasnbHa, XiMiYHO HeMogiNbHa YacTUHKA, WO CKnaja-
[ ® €TbCA 3 NO3UTUBHO 3aPAMAPKEHOTO AAPaA N HEFATUBHO 3aPALMKEHNX ENEKTPOHIB.

Mopgenb atoma Pesepdoppaa, 6e3 cymHiBy, HalibinbLue BignoBigana cnpasx- @
Hiln 6yaoBi aToma, ane i BOHa Mana CyTTEBE MPOTMPIYYA: BigMoBigHO 4O

BiIOMUVX TOfi 3aKOHIB i3MKM, €TeKTPOH, SIKLIO BiH 06epPTaETbCS HABKOMO

Aapa, Mae 6e3nepepBHO BUMPOMIHIOBATY €HEeprilo i 3 YacoM ymnacTu Ha

Aanpo. Mopenb atoma Pesepdoppa BoockoHanueB gaHcbKuid ¢isvk Hinbc

Bop. BiH cTBepaXyBaB, WO eNeKTPOHM MOXYTb obepTatnuca He Ha Oyab-

AKI OpO6iITi, a NMLIe Ha BM3HAYEHMX BiACTaHAX Bif AApPa, YTBOPIOYM KOH-
LeHTPpUYHI chepun 3 enekTpoHiB. ToMy iHOAi MnaHeTapHy mMonenb aToma
Ha3uBaloTb mogennio bopa-Pesepdopaa.

Cknapg atomiB

OTsxe, aTOMU CKJIAZAIOTHCSA 3 IO3UTUBHO 3apANKEHOr0O fAnpa Ta He-
TaTHUBHO 3apAIMKEHUX eJeKTPOHiB.

EnexTpuunnii 3apan eleKTPOHA HAa3UBAIOTH e€JleMeHMAPHUM, OCKIIBKY
BiH HalMeHITNH 3 yCiX BiloMUX 3apAAiB i TOMY 110r0 aOCOTIOTHY BEJIUUYNHY
IpUHMAaOTh 3a OJUHUII0 BUMipioBaHHA. CamMe B IIUX YMOBHUX OJUHUIAX
3a3BUYAl YKal3yIOTh 3apAAU BCiX UACTUHOK: eJeKTPOHIB, IIPOTOHIB, Anep,
MOHiB TOII0. 3apsAL caMoro eJieKTpoHa ImpuiiMaioTh 3a —1 (tabua. 3, c. 28).

EnexTpon — wmaiineriia 3 BiJoMUX eJeMeHTApHUX YaCTHUHOK. Moro
Maca cTaHoBUTh 9,1:1072%8 r — me B 1837 pasiB menmie 3a Macy Haii-
Jermioro 3 atomMiB — aroma lizporeny. HacTo B pospaxyHKax Macoio

eJIeKTPOHA HEeXTYIOTh (YBajKalTh TAKO0, I[0 JOPiBHIOE HYJIO).
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Taoaunga 3. YacTHHKH, 3 AKMX CKJIAJACTHCI aTOM

ITosna- Maca Macose
YJacTuHKa 3apsan, ym. oz,
YeHHA r a.0. M. | YHCIO
Enextpor ® | € -1 9,1094 - 10728 |0,00055 0
IIpoTon o p +1 1,6726 -1072¢ |1,00728 1
HeiiTpon n 0 1,6750 10724 |1,00867 1

ITicis BusHaueHHsA OymoBu aToMma OyJio 3’sICOBAHO, IO SAAPO aToMa
TaKOXK Mae CKJanHy OynoBy. BoHO ckiazaeThcd i3 4acTMHOK JBOX BU-
IiB — mportoHiB i HelTpoHiB (Mman. 6.5). IIlporonu ¥ HeHATpPOHM HA3U-
BalOTh HYKJOHAMHU. [IPDOTOHU € IO3UTUBHO 3apAAKEHUMU YaCTUHKAMU
i3 sapsamom +1, a HelTpoHM He MaioTh 3apaxy (tads. 3). Ile osHauae,
110 BeCch IO3UTMBHUN 3apsA[ sAApPa BUBHAUAETHCHA JIMINE IIPOTOHAMU — iX
KiJIbKiCcTh HOpiBHIOE 3apsany Ampa:

KiJIBKiCTh MPOTOHIB y AAPi YKMCEJBLHO JOPiBHIOE 3apsamy Aapa

Bynb-axkuii aToM € eJeKTPOHeHTPaJIbHUM, TOK KIJBKIiCThL IPOTOHIB
i3 3apagom +1 3aBKAU AOPiIBHIOE KiJBKOCTI eJleKTPOHIB i3 3apamgom —1:

KiJIBKiCTh TIPOTOHIB y AApi =
= KiJIBKICTh €JICKTPOHIB B eJIEKTPOHHIii 000JOHIL

Axpo — HafiBasKuya yacTHHA aToMa: HOT0 Maca CTAaHOBUTH OJM3BKO
99,97% Big macu aroma i BU3HAUAETHCA KiMbKicTIO MpOTOHIB i HelTpo-
HiB y anpi. Macu mporoHa 1 HeNTpOHA MaillKe OJHAKOBI 1 mpuOIM3HO
mopiBuioloTs 1 a. o. M. OTiKe,

BiJTHOCHA aTOMHA Maca = MacOBe YHCJIO =
= KiJIbKiCcTh NMPOTOHIB + KiJIbKicTh HEHTPOHIB

Hpuxkaan. dapo aroma MicTUTh 5 TPOTOHIB Ta 5 HEUTPOHIB.
1. Buszauumo 3apsaj Aapa Ta KiJbKiCTh €JIeKTPOHIB B aToMi:

KiJBKiCcTh IPOTOHIB y AApi =5 — 3sapan aapa=+5 — KiJIbKicTh eJIeKTPOHIB = 5

2. BusHaumMo aTOMHY MAacy:

KiJbKiCTh MPOTOHIB = 5 Maca MpoToHiB = 5 a. 0. M.
. . . . . . maca aapa=10 a. o. m.
KiJbKicTh HeATPOHIB=5 [—> Maca HEATPOHIB=5 a.0. M. [ —

KiJIBKiCTE €JIeKTPOHIB =5 Maca eJIeKTpoHiB = 0

maca aroma = 10 a. o. m.
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EnekTpoHU cKknafaloTb eNeKTPOHHY 0OO0SIOHKY
Kinbkicme enekmpoHie = KinbKicme npomowie y A0pi

QPO CKNapa€eTbCA 3 HYKIOHIB (NMPOTOHIB i HENTPOHIB)

|

=4
sl
=

Tv_

MpoToHn HenTpoHn BRMBaOTL Nue
Ha Macy appa
Kinekicme npomoHig + Kinekicme

HelimpoHie = Macoee yucno = A,

Kinekicms npomoHig y a0pi 4u-
ceslbHO 0opisHIOE 3apsAdy A0pa

Man. 6.5. Cknag atoma

I xoua came B Aapi 30cepesKeHa BCs Maca aToMa, IPOTe PO3Mipu Axpa
HAA3BUYANHO MaJii: MOro pajiyc mpuOJIM3HO B CTO THUCAY PasiB MeHIIHM
3a pazmiyc aroma (Maji. 6.5). VABiTh: AKIIMO po3Mip Axpa 30igbIINTH 10
po3Mipy 3BuuaiiHOTO AO0JYKA, TO CAM aTOM OyAe PO3MipoM i3 3eMHY KYJIIO.

NopAagKkoBM HOMepP XiMIYHOrO efneMeHTa

B ycix aTtomiB omHoro ximiuHoro eseMeHTa KiJIbKiCTh IIPOTOHIB 3a-
B)KIM OZHAKOBA (i MOpiBHIOE 3apAny s1pa), a KiJbKiCTh HEUTPOHIB MOXKe
OyTu pi3HOIO, TOMY Maca aTOMiB OJHOTO eJieMeHTa TaKOoK MOKe OyTu
pisHoto. Ile osHauae, 10 He Maca, a camMe 3apdAj] AApa € OCHOBHOIO Xa-
PAKTEPUCTUKOIO, IO BiApisHSE aTOMM OSHOrO BHIY BiJ aTOMiB iHIIIOTO
BUAY. 3aBAAKU IIHOMY Ha MOYATKY XX CTOJIITTA 3MiHMJIOCA BU3HAUEHHS
OOHATTA XiMiUuHOTO eyieMeHTa.

.\‘_. XiMiYHMI enemeHT — Le pPi3HOBUA aTOMIB 3 OQHAKOBUM 3apAadom Afpa.
¢

IToganbiite BuBUeHHS OyIOBU aTOMa BUABUJIO, IO IIPOTOHIB B aTOMax
MicTHUTBCA He OOBiJIbHA KiJBKiCTh, a Taka, IO MTOPiBHIOE MOPAIKOBOMY
HOMepy XimiuHoro ejxemenTa B IlepiogmuHiii cucTeMi XiMiuHUX ejileMeH-
TiB. OTiKe, i 3apAL Aapa TaKOK TOPiBHIOE HOPSIAKOBOMY HOMEpPY:

KiJIbKiCTh IIPOTOHIB y AApi =3apan aapa =
= MOPAAKOBUII HOMEP eJieMeHTa




TEMA 1. BY[IOBA ATOMA. MEPIOANYHWIA 3AKOH | MEPIOANYHA CUCTEMA XIMIYHNX ETEMEHTIB

Busasunocs, 1110, HaBiTh He 340TraAyIOUNCh IIPO CKJIATHY OYIZOBY aTo-
miB, MenngeneeB min yac ckgaganHa cBoei Ilepiogmunoi cucTemmu posTa-
IIIyBaB €JeMEeHTU 3a MOPSIAKOM 30i/JbIlIeHHs 3apAgiB IX aTOMHUX sAep.

+ Mi3nKKM BNeBHEHI, WO MPOTOHM, HENTPOHM Ta iHLWWI YaCTMHKWN CKNagaloTbcA
3 KBapKiB — CMpaBXHiX efleMeHTapHUX 4YacTUHOK. OfgHaK HayKoBLAM
HifIK He BOAETbCA BUOKPEMUTU KBApKM M Y Takui CNOCi6 0CTaTOYyHO A0-
BeCTU iX iCHyBaHHA. TOXK enekTpOH JoTenep yBa)aloTb eneMeHTapHO
YaCTUHKOIO.

- EpHecT Pe3epdopa npoBoauB JOCNIAXKEHHA MepeBaXkHO B ranysi o¢i-
3UKM N OfHOro pasy 3asABUB, IO BCi HAYKU MOXHa pO3AiNnTVh Ha [ABi
rpynn — Ha ¢i3nKy Ta KonekuioHyBaHHA Mapok. OpgHak HobeniBcbky
npemito Pesepdopn 3p06yB came 3 ximii, wo 6yno HecrnogiBaHUMm K
ONA HbOro, TaKk i ANA iHWKX yyeHuX. [i3Hiwe BiH 3a3HauyMB, WO 3 YCiX
nepeTBOpPEHb, AKi NOMY BLANOCA CNOCTepiraTy, HaMWBUALWNM BUABUIIOCA
BNacHe MepeTBOpPeHHsA 3 ¢i3nKa Ha Ximika.

1.

b S BucHoBKM

3aranbHOMPUINHATO € NNaHeTapHa MoAaenb 6y[oBM aTOMIB, 3riAHO 3 AKOLO
aTOM CKNafa€TbCA 3 MO3MTMBHO 3apAdKEHOro AApa, HaBKONO AKOro Ha
NeBHil BigcTaHi 06epTalTbCA HEraTMBHO 3apALXKeEHi eNeKTPOHN, YyTBOpPIO-
Ioun efleKTPOHHY 060MIOHKY aToma.

Alopo atomMa CKnajaeTbCA 3 HYKNOHIB: MO3UTMBHO 3apAAXEHUX NPOTOHIB Ta
HelTpanbHNX HENTPOHIB. KiNbKiCTb NPOTOHIB Y AApPI MeBHOro atoma JopiB-
HIOE MOPAAKOBOMY HOMepY BiAMOBIAHOro XiMiuHOro enemeHTa B [epiognu-
Hi cuctemi. OCKINbKM aTOM eNeKTPOHENTPaNbHUIA, TO KiNbKIiCTb NPOTOHIB
y A4pi aToMa [OPIBHIOE KiNbKOCTI eNeKTPOHIB B €NeKTPOHHI 060M0HLi.

e KOHTpoOnbHi 3anuTaHHA

1.
2.

CxapakTtepusyiiTe nnaHeTapHy mogenb atoma Pesepdopga.

AKi YacTUHKM MICTATbCA Y CKnagi: a) aToMa; 6) aTomHoro agpa? Aki B HUX
3apag i maca?

Anpo aToma: a) Ma€ HeraTMBHWIA 3apsg; 6) Mae MO3UTUBHWIA 3apag;
B) He MaE€ 3apAgy.

fIK BM3HAUMTK KiNbKiCTb NMPOTOHIB y Afpi aToma: a) 3a NOPARKOBMM HO-
Mepom eniemeHTa B [lepiognuHin cuctemi; 6) 3a Homepom nepioay; B) 3a
HOMepoM rpynu?

AKi XxapakTepnCcTKM atoma Bam BifloMi? fIK iX MOXHa BU3HaunNTK?

[aTe BU3HAUYEHHSI NOHATTAM «aTOM» i «XIMIYHWUI eNIeMEHT».
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3aBAaHHA ANA 3aCBOEHHA MaTepian
_@ piany

1. Anpo aToma lenito mae 3apag +2. CKiNnbKM eNeKTPOoHIB MiCTUTb aToM lenito?

2. Atom KapboHy micTuTb 6 enekTpoHiB. YoMy AOpiBHIOE 3apAg: a) aTtoma
Kap6oHy; 6) sgpa aToma Kap6oHy?

3. Bu3HauTe KifbKiCTb NPOTOHIB y AApax i 3apAagmn atomis: a) Jlitito; 6) Cynb-
odypy; B) Oepymy; r) Mnombymy.

4. BwusHauTe 3apAf AAPA, KiNbKiCTb €NeKTPOHIB Ta Macy aToMa, AKLWO aTOMHe
A0PO MICTWTb: a) 8 MPOTOHIB | 9 HEMTPOHIB; 6) 25 NPOTOHIB i 30 HENTPOHIB;
B) 89 npoToHiB i 117 HenTpoHiB. Ha3BiTb BignoBigHi XimiuHi enemeHTU.

5% Onuwitb CcyTb ekcnepumMeHTy Pesepdoppa 3 BU3HaUeHHA GYyAOBU aToMa.
AKi pe3ynbTaT UbOro AOCNIAY AO3BOAUAN MOMY 3pO6GUTU BUCHOBKM MPO
nnaHeTapHy 6ynoBy atoma?

§ 7. XimiyHNn enemeHT: HYKNigN

Mpurapante:

+ XapaKTepPUCTUKN YACTUHOK, i3 AKX CKMagarTbCcAa atomu (3a Tabn. 3);

+ aTOMHa OAMHMUA MacuM — OAVHWUA BMMIPOBAHHA Mac aTOMiB, BOHa [OPIBHIOE
1/12 maci atoma Kap6oHy.

MoHATTA Npo HyKnign

SIK BU BiKe 3HA€ETe, AApPA aTOMIB CKJIAAIOTHCA 3 ITPOTOHIB Ta HENTPOHIB.

SAnpa pisHUX aTOMiB MOKYTh MicTHUTH PisdHY a00 OOJHAKOBY KiJbKiCTh
OPOTOHIB Ta HeliTpoHiB. Hanmpukian, Ha MaaoHKY 7.1 Ha c. 32 300pasKkeHi
MOJeJIi YOTHPHOX aTOMiB. ¥ fAApax IIUX aTOMiIB MicTUTBhCA IO Tpu abo
YOTHUPU IPOTOHM Ta HEUTpoHH. Ase 6aummo, 10 Axapa atomiB A Ta B
MaOTh OJJHAKOBUM CKJIAJA: BOHU MIiCTATH II0 TPU IPOTOHU Ta TPU HEUTPO-
HU. fIgpo aToma B momiOHe MO0 HUX, BOHO MICTHUTHh TaKOK TPU IIPOTOHH,
ajle B HbOMY HeHUTpoHiB yotmpu. Xoua B AApi aroma I' Takok cim uac-
TUHOK, AK B aToMa B, aje po3momis o mpoToHAX Ta HEMTpOHAX iHIIIUM.

OT:ke, Ha MadOHKY 7.1 Ha c. 32 300pakeHO TPU Pi3HOBUIM ATOMIB.
Koxuauit Takuit pisHOBUA aToMiB HA3WBAIOTh HyKJigoM. Bu GauuTe, 110
aromu A ta B — 1e aromu omHoOro HykJiga, aromu B — mpyroro, a arto-
mu I' — TpeTsoro.

.\‘_. Hyknig — ue pi3HOBMA aTOMIB i3 MEBHOIO KiNIbKIiCTIO MPOTOHIB | HEMTPOHIB
[ y AApI.
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3e' 4e-
& @
o %
A b B r
@ — MPOTOHM, — HENTPOHU, @ — EeNIeKTPOHU

Man. 7.1. Mopeni pneskux atomis

KoxxHU HYKJIi XapaKTepusyoTh MEBHUMU UYWCJIAMU:

IPOTOHHE YUCJ0 Z YKasdye KiJIbKICTh IIPOTOHIB y AApi aToMa IaHOTO
HYKJiza;

HeuTpoHHE uncjao N ykasye KiJbKicTh HEUTPOHIB;

MacoBe UHCJI0, a00 HYKJOHHE 4mcja0o, A — Ie KiJIbKicTh HYKJIOHIB,

o

110 JOPiBHIOE CyMi ITPOTOHIB ¥ HEWTPOHIiB.

MacoBe 4HCJIO = HIPOTOHHE YHUCJIO + HEHTPOHHE YHCJIO
A=Z+N

OckifbKM Macum NOpPOTOHA ¥ HeWUTpPOHaA [IOPiBHIOIOTH IIPpUOIM3-
HO 1 a. 0. M., a Maca eJIeKTpPoHAa MisepHa, TO MacOBe UMCJIO aTOMa IIPUOIN3-
HO JIOPiBHIOE MOT0 BiTHOCHi aTOMHIiN Maci, OKPYTJIeHi# q0 Iijoro umcJia.

lNo3HaueHHA HyKnigiB

Y Hayii BUKOPUCTOBYIOTH CIIEIliaJIbHI ITO3HAYEHHA HYKJITIB: 3apsan
Axpa, TOOTO IPOTOHHE YKCJO, IMUIIYTH JiBOPYY YHU3Y BiJf CUMBOJY Xi-
MiUHOTO ejJieMeHTa, a MacoBe UMCJIO0 — JiBopyd yropi (mama. 7.2).

Hanpuraazn, gada aykiaigza Okcureny:

Macose uncno —a 16

3ap;|p‘ Anpa (npo-rOHHe qmcno) 804— CumBoOn XiMiYHOro enemeHTa

IHOMI NIPOTOHHE UMCJIO ONYCKAalTh i HumryTh mpocto 160, ockinb-
KM ¥ Tak Bigomo, 1[0 B ycix HYKJIiAZiB OKCHUreHY IIPOTOHHE UICJIO MAae
oyru 8. Hyrkmaimm Mo:kHa mo3HAYaTH SK XiMiYHUMN CHMBOJaMI’, TaK
i 3 BUKOPUCTAHHAM Ha3B XiMiUHHX ejleMeHTiB, HampukJjana: Oxcured-16,
Oxcuren-18.
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12

Hyrkninu egmuoro enementa — Iigporeny,— @
6

KpiM TaKUX I03HAUEeHb, iIlle MAlOTh BJIACHI Ha3BU:
suuaniauit I'izporen H (iH) — Ilporiii, ssgpa iioro
aTOMiB MiCTATH JIMIe OAUWH HPOTOH (Maya. 7.3a);
Baskkuii Tigporem D (?H) — Ieiirepiii, y aapax 12 ()
MOro aToMiB, OKPiM OZHOTO IPOTOHA, MiCTHUTBCS IITe
OIWH HeUTpoH (man. 7.360); HamBamkuu I[impo-
rea T (iH) — Tpuriii, y gAfpax aToMiB AKOTr0, Kpim
OZHOTO IIPOTOHA, MICTATLCA [BAa HEUTPOHU 2;2
(mau. 7.38). HaykoBusM ymasocs qoOyTH Iiie cymep-

HagBaxkkuii I'igporen ‘iH, ajie BJacHOI Ha3BU BiH
ime He Mae.

Man. 7.2. Hyknign
feAKMX eNleMeHTIB

a 6 8

Man. 7.3. Hyknigwu Tigporeny: a — MpoTtinn; 6 — [entepiin; 8 — TpuTin

« Ha 3emni TpannatoTtbca nuwe Aasa Hyknigu ligporeny: MNpotin Ta [den-
Tepin, YacTKa OCTaHHbOro ctaHoBuTb 0,08% Big ycix atomis ligporeny.
TpuTi y Mi3epHi KinbKoCTi YyTBOPIOETbCA B aTMocdepi nif fi€o KoCmiy-
HOro BUMPOMIHIOBAHHS.

- Mg yac MeperoHKM BenNUKOI KiNbKOCTi BOAM Ha [Hi meperiHHoro Kyba
30Mpa€eTbca HebaraTto BaXKKOi BOAW, YTBOPEHOI BaxKKuM Hyknigom Tligpo-
reHy — [lentepiem. Taka Boga D,0 30BHI CxOXa Ha 3BMualHy BOAY, ane
BiPI3HAETbCA BiJ HEl HU3KOM BrnacTMBoCTen. BoHa 3amep3ae He 3a 0 °C,
a 3a 3,8 °C, nepeTBOPIOIOUNCH Ha Mif, AKUA, HAa BigMiHY Bif 3BMYaNHOroO
Nbofy, He NnaBa€E Ha NMOBEPXHi BOAM, a TOHe.

Baxkka Bofa He OTpyiiHa, ane 6inbllicTb TBAPWH 3arvMHe, AKLO MOSIOBUHY
BOAM B IXHbOMY OPraHi3mi 3aMiHUTU Ha BaxKy. Y BaKKill BOj XiMiuHi peakuji
BiAOYBalOTbCA MOBISIbHILLE, WO BMIVBAE HA XXUTTELIANBHICTD OpraHiamy.



TEMA 1. BY[IOBA ATOMA. MEPIOANYHWIA 3AKOH | MEPIOANYHA CUCTEMA XIMIYHNX ETEMEHTIB

O6uncneHHAa cknagy aToMmiB

3HauM IOPAIKOBUII HOMED eJIeMeHTa i MacoBe UMCJIO HYKJIiga, Jerko
00YUCIINTU, CKiTBKY €JIEKTPOHIB, IIPOTOHIB i HEUTPOHIB MiCTUTH IIe# aTOM:

* KiJBKiCTh €JIEKTPOHIB AOPiBHIOE KiJILKOCTI MPOTOHIB Z, siKa 306ira-
€ThCS 3 TOPANKOBUM HOMEpPOM (3apAmoM sapa);

* KiZbKicTh HeliTpoHiB N JOopiBHIOE PisHHIN MiXK MacoBuM umnciom A
i sapamom axpa: N=A — Z.

IIpukaaxg. CKiJIbKM TPOTOHIB, HEHUTPOHIB i e€JIEKTPOHIB MicTHUTHCA
B HykJigi ITmromoym-210?

Pose’aszanna:

Macose uwuciso mporo HyKJiga IlaromOoymy mopiBaioe 210. OcKinbKu
IlntomMOyM Mae mopsaaxkoBuii Homep 82, To B atomi HyKJIima IlaromOy-
my-210 micturbea 82 mporonu i 82 enexrponu. KinabKicTh HeWTpOHIB
00YMCANMO AK PiSHUITI0 MijK MaCOBUM UYMCJIOM i KiJIbKiCTIO IPOTOHIiB:

N =210 — 82=128.

Bionosiovs: 82 nporouu, 128 meliTpoHiB, 82 ejlleKTPOHU.

Hyknign B npupoai

VYeworo Bimomo moran 2000 mywkaigiB. OckijnbKu XimMiuHMX ejiemMeH-
TiB chorogHi HagiuyoTh 118, To MOKHA NPUIYCTUTH, 1110 B CEPEIHBOMY
Ha KOXKHHUI ejieMeHT mpumagae 0gm3bko 10 myriaigis. Ase, 3Buuaiino,
KOKHUHN XIMIiUHUN eJeMeHT Ma€ PisdHy KiJbKicTh HYKJIiIiB.

Pexkopacmenamu 3a KinbKicTio HyKJIimiB € Kcemon i Ilesifi: koyKeH
i3 HUX icHye y Burysani 36 HyKJIigiB, ajge OiIbIIiCTh i3 HUX € HecTablIbHUMMU.

VY 6imbimocTti XiMiuHUX eeMeHTiB € npupodri HYykAiOu, TOOTO Ti, 1110
TPAILIAIOTHECA B IPUPOAHUX Tijgax. Takux HyKJiAiB icuye O0amspko 300.
Yei immi HyrJAIigm go0yTo IITYYHO.

Y mpupozi enreMeHTH 3a3BUYal iCHYIOTH Y BUTJIALL CyMIiIlli JeKiJTbKOX
HYKJIigiB, Hampukaag Kap6om (12C, 13C i 14C), Hirporem (N i 15N),
Oxcurern (190, 170, 180). PexopacMeHOM 3a KiJBbKiCTIO IPUPOAHUX HY-
kiaigiB (10) e Cramym. A gesaxi ximiuHi esleMeHTH MalOTh JUIINE OIWH
npupojHuil BHyKain, sanpukaazn ®ayop (1°F), Harpiit (23Na), Anrominiii
(23"Al), ®ochop (31P).

Bu, HanmeBHO, mOMIiTHIN, IO 3HAUEHHS BiJHOCHUX aTOMHHX MAac eJe-
MeHTiB, HaBeleHi B Ilepioguuniii cucremi, me € nimumu: A (C)=12,011,
A (Cl)=35,453. A macoBi umcna BCiX HYKJIifiB € IiIMMU YHUCIaMH.
ITe moB’sA3aHO 3 TUM, IO OiJBIITICTh €JIEMEHTIB TPANJIAIOTHCA B IPUPOIL
VY BUTJIAAI AEeK1IbKOX HYKJIAIB, i 3HaUeHHsA, HaBeJeHe B Ta0JIUIIi, € cepes-



§ 7. XiMiYHWA enemeHT: HyKnian

HiM, oOUMCJIeHUM 3 ypaxyBaHHAM yMiCTy KOKHOTO HYKJIiJa B IIPUPOIi.
Tax, npuposauii Xjop Ha 75 % ckiaagaersea 3 aromis 3°Cl i ma 25 % —

3 37Cl, Tomy iioro BifHOCHA aTOMHAa Maca AOpiBHIOE 35,5.

[NoHATTA npo i3oTonNn

Mwn BXe 3'acyBanu, WO AApa aTOMiB OAHOMO XiMIYHOIO efleMeHTa MICTATb
OiHAKOBY KiNbKiCTb MPOTOHIB, WO AOPIBHIOE NOPAAKOBOMY HOMEPY LibOro
enemeHTa B [lepiognyHin cnctemi. Ane AKWO NPOTOHIB B aTOMHMX AApax
MEeBHOro XiMiYHOTro enemMeHTa Ma€ MICTUTUCA YiTKO BM3HA4YeHa KiNbKiCTb,
TO KiNbKiCTb HEMTPOHIB Y AAPI TaKMX aTOMIB MOXe OyTu Pi3HOM, OCKINbKK
Lie He BMAMBAE Ha 3apAfd AAPa, a JiMlie Ha NOoro Macy.

3a manoHKoM 7.1 Ha C. 32 My pO3MIAHYAN mMogeni AeAknx atomis. | xoua
atomn A Ta b € aTomamn pi3HUX HYKNIAIB, Y IXHIX Agpax MICTUTbCA Of-
HaKoBa KinbKicTb MPOTOHIB (Mo Tpu). OTXe, Ui HyKnign ABNATb CO60t0
OAWH i TOM CaMUI XiMIYHWIA eNleMeHT: BOHWN BUABNAIOTb OJHAKOBI XiMiuHi
BNACTMBOCTI, ane MaloTb Pi3HY Macy.

Yci HyKnigw, WO MaloTb OQHAKOBMI 3apAf (MPOTOHHE YKCO) i pi3He Hel-
TPOHHE YKCO, HAa3MBaloTb i30ToNamu (gre. man.). OCKiNbKK HyKNign 3 oga-
HaKOBUM MPOTOHHMM YMCIOM HasleXaTb JO OJHOrO XiMiYHOrO eNeMEHTa, TO:

i30TONM — Le Pi3Hi HyKNigMm OQHOro XiMiYHOro enemeHTa.

Hanpuknag, y Agpi atomiB OKcuMreHy micTutbcAa 8 NPOTOHIB (MOpALKOBMIA
Homep Okcureny B [llepiognuHin cuctemi — 8). A KinbKiCTb HENTPOHIB
mMoxe 6yt 7, 8, 9 i HagiTb 10. OTxe, cepen atomiB OKCMreHy MOXHa
BUAINUTY YOTUPK Pi3Hi Hyknian: 150, 150, 110, '50. Ane Bci Ui Hyknign

€ i30TOMaMM.

I30TONMN

g/ Kap60Hy\®

19
. 13 12 8p 9
PisHi < c 8p 6C 8n
HyKnigmn 10n \ /16
B 180 I30TONMN 80 37
H 8 Okcureny 17Cl

I30TONN AeAaKknx efleMeHTIB

=)
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@ « Yci Hyknign noginAwTb Ha cTabinbHi Ta HecTabinbHi. CrabinbHi Hyknign
iCHYIOTb MPOTArOM HeCKiHYeHHO TpMBanoro 4vacy. binbwictb atomis, wWo
Hac OTOYYIOTb, HajleXaTb came [0 CTabiNbHMX HYKNiAiB.
XiMiuHi enemeHTU MOXYTb MaTW AK CTabiNbHi, TaK i HecTabinbHi Hyknigw.
XimiuHi enemeHTH, WO He MalOTb CTabiNbHMX HYKNIAiB, Ha3MBalTb padio-
akmusHUMU. [1o HUX HanexaTb YCi enemeHTW, po3milleHi B MepiognuHin
cuctemi 3a bicmytom, a Takox TexHeuin i MpomeTin. binbwictb pagioakx-
TUBHWX €NeMeHTIB AOOYTi WTYYHO 1 Y Npupoai He TpannsatoTbea. Y MNepi-
O[VYHIN CUCTEMi 3aMiCTb BIAHOCHOI aTOMHOI Macy TaKMX PafioakTUBHMX
eNeMeHTIB 3a3HauyeHi MacoBi YMcia HaNCTaBINbHIWMX i3 IXHIX HYKNigiB.

- Xova npo cknagHy 6ynoBy siapa aToma fisHanmca Ha noyaTtky XX cToniTTs,
ane BrepLue WTYYHO POo3LWennTn AP0 BAanoca nuwe 1932 poky HayKoBLAM
A. K. Banbtepy, I. [. latuwesy, O. I. JlennyHcbkomy, K. [I. CuHenbHuKoBYy
3 XapKiBCbKOro ¢i3nKo-TeXHiYHOro iHCTUTYTY. 2016 poKy Ha 6asi Lboro
iHCTUTYTY Gyno BigKPUTO AAEPHY YCTaHOBKY «[lKepeno HeMTPOHIB», AKa
[03BONUTbL ofepXyBaTu A0 50 pafioakTUBHUX HYKNMIAIB ANA [iarHOCTUKK
6araTbox 3axBOpOBaHb, 30Kpema paky. CborofHi yKpaiHCbKi HayKoBLi
3 HaykoBux ycTaHOB Kunesa, JlbBoBa Ta XapKoBa € uneHaMy MiXHapOAHOTI
HayKOBOI rpynu, WO BMBYA€E Teopilo OYAOBM eNleMeHTapHUX YaCTUHOK 3a
pe3ynbTaTamy eKCneprMeHTiB Ha Benvkomy agpoHHOMY Konarngepi.

. JliHegicmuy4yHa 3adaya
. JNlaTnHoto nucleos o3Hauvae «AapPo», a eidos — «pPisHOBUAY. 3HAOUN Lie, MOACHITb BM3Ha-
. UEHHS TepMiHa «HYKIig».

+ PapioakTuBHMA XiMiYHUA eneMeHT AcCTaT — HaWpigKiCHIWNA enemeHT
3 yCix, WO TpanaawTbcA B npupogi. AKwo 3ibpatn Becb AcTaT y 3eMHii
KOpi, TO OTPMMAEMO He Gifbllue 3a OfVH rpam.

+ PapioakTVBHU pafloH BMKOPWCTOBYIOTb y MEAWUYHI NpaKTuLi, 30Kpema
ANA JIIKYBaHHA 3/10AKICHUX MYyXJIVH.

)

2 BucHoBKM
*-?
1. Pi3HOBMA aTOMIB i3 MEBHO KiNbKICTIO NPOTOHIB Ta HEMTPOHIB Ha3MBalOTb
HYKNigom. Pi3Hi HyKnigyn no3HavaloTb, yKasylum MacoBe 4MCno MopAapg i3
CMMBOJIOM efleMeHTa, a Hyknign ligporeHy MaloTb BnacHi Ha3su: MpoTin,
Hentepin, Tputin.
2. KoXHWi HyKnig OnNUCyloTb MEBHUMU YUCTIaMK: MPOTOHHe uncno Z —
KiNbKiCTb MPOTOHIB Yy AApi, HEeMTPOHHe Yncno N — KinbKiCTb HENTPOHIB
y A4pi, MacoBe 4yncno A — HYKJIOHHE UNCIIO, AKe JOPIBHIOE CyMi MPOTOH-
HOrO N HEMTPOHHOIO uumcen.
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KoXHnin enemeHT MOXe iCHyBaTW Y BUMMAAI KinbKoX HyKnigis. Hyknigu, wo
TPanaATbCA B NPMPOi, Ha3MBalTb NPUPOAHUMMK. HyKnign, Wo MOXyTb
iCHyBaTW HeCKiHYEHHO AOBro, Ha3MBalOTb CTAbINbHUMMK, a HYKNigwW, AKi
3 YacoM 3a3HaloTb PafioaKTUBHOIO po3nagy,— PafioakTUBHUMU.

KoHTpoNbHi 3annuTaHHA

[laiiTe BM3HaUYeHHA MOHATTA <HYKAIA».

Yum Bigpi3HAOTbCA CcTabinbHi 1 HecTabinbHi HyKNign? HasegiTb Nprknaam
cTabinbHUX i HecTabinbHUX HyKNigiB.

AK BM3HAUNTM KiNbKiCTb NPOTOHIB, HENTPOHIB Ta €NeKTPOHIB Y aToMi?

3aBAaHHA ANA 3aCBOEHHA MaTepiany

1.

9%,

10%.

AOpo atoma XiMiYHOro enemeHTa MiCTUTb ABa MNPOTOHU N OAWH HENTPOH.
3anuwWiTb MO3HAYeHHA LbOro aToMa: YKaXKiTb XiMiYHMI CUMBOJI, NOPARKO-
BUN HOMEpP i MacoBe Yuncno.

CKinbKy NPOTOHIB i HEMTPOHIB MicTATb sAgpa 70, *C, 137Cs?

YuMm BiApI3HAIOTbCA 33 CBOIM CKNAZloOM AApa aTomiB Hyknigis: a) Jlitito OLi
Ta ’Li; 6) Ypany 2*°U Ta 2°U?

Aknn Hyknig HaTtpito MiCTUTb TaKy came KinbKiCTb HENTPOHIB, WO 1N HYKNIf,
24Mg?

Ha3BiTb enemeHTu, AApa aTOMIB AKUX MICTATb: @) 2 MPOTOHW i 2 HENTPOHW;
6) 15 NpOTOHIB i 16 HENTPOHIB; B) 35 NPOTOHIB i 45 HelTpOHiB. HanuwiTb
NMO3HaYeHHA LUMX HYKNigiB.

I3 HaBepeHoro nepeniky Bn6epiTb: a) HyKNiAM 3 OAHAKOBVM HENTPOHHUM
uncnom; 6) HyKniayM OAHOro XiMiYHOrO eNeMeHTa; B) HYKiAW 3 OfHAaKOBUM
HYKJIOHHVM UYMCNOM; 1gO,MC, 1‘7‘N, %C, 1§N.

CKinbKuy pi3HUX BUAIB MOMeKyN BOAN MOXe 6yTN YTBOPEHO 3 TPbOX Pi3HMX
HyKnigis FigporeHy i Tpbox pi3HMX Hyknigie OKcureHy, Npo AKi 3ragaHo
B TEKCTi naparpada?

BigHocHa aTomHa maca bopy ctaHoBuTb 10,81. K BM BBaXKaETe, AKi HyKni-
an bopy TpannatoTbea y npupogi?

HecTtabinbHi HyKnign 3a3HaloTb pafioakTMBHOrO po3nagy, YHacnifoK 4oro
BVMHUWKAE pafioakTMBHE BUMPOMIHIOBAHHA. Y AOAATKOBMX [XKepenax 3Haw-
ZiTb iHpopMaLito Npo BUAM pafioakTMBHOIO BUMPOMIHIOBaHHA Ta iX ynavs
Ha »WBi opraHiamu.

Y pnopatkoBux mxepenax iHGopMauil 3HaNAiTb NPUKNAAM BMKOPUCTaHHA
AfepHUX peakLin y pi3HMX ranysax NAcbKoi AianbHOCT. Ha Aknx npodue-
cax BOHU I'PyHTYI0TbCA? AK BMIMBalOTb Ha JOBKINAA? Y AKWIA CNoci6 MoXHa
3a6e3neunTi 3axnCT Bif PafioaKTUBHOIO OMPOMIHEHHSA?



§ 8. Pyx enekTpoHiB y atomi. EneKTpoHHi opb6itani

MpuvraganTe: ik BU3HAUWUTU CKNag aTOMIB Ta BACTUBOCTI CYGAaTOMHYIX YaCTUHOK (3a § 6).

MoaBinHICTb NOBEAIHKN eNeKTpoHa

YacTUHKY 3 TAKMMH MaJUMHU po3MipaMu, K B €JeKTPOHA, MAaIOTh
VHiKaJbHi BJIACTUBOCTI, ITIO0 BiIPiBHAIOTH IX Bim 3BUUYAWHUX TiJj, i3 AKUMU
MH MAaeMO CIIPaBy B IoAeHHOMY KUTTi. 1923 poKy BumaTHUH (ppaHIly3h-
Kkuit Qpisuk JIyi ge Bpoilsb BUCI0BUB NIPUIYIIIEeHHA IIPO XBUJIBOBY IIPUPOLY
eJIeKTPOHA, YHACJITOK Yoro Oyja BCTAHOBJIEHA MOTO AyasliCTUHA IIPUPO/A:
€JIEKTPOH OJHOYACHO BHUABJIAE BJIACTHUBOCTI i yacTUHKHM, i xBuai. Sk
i iHIIi YacTMHKM, €JIEKTPOH Ma€ MeBHY Macy ¥ 3apsan. Pasom i3 mum mifg
Yyac pyXy eJeKTPOH BUABJSAE XBUJIHOBI BJIaCTUBOCTi. XBUJA BiApidsHAECTHCA
Bil YaCTMHKHU THUM, IO ii IOJOKEHHS B IIPOCTOPi B MEeBHUN MOMEHT He
MOKHA TOYHO BUBHAUUTH.

Yepes 1e O eJeKTpPoHA HEMOKJIMBO BOJHOYAC BUSHAUUTU IIBUJ-
KicTh PyXy Ta HaOpAMOK. SIKIO MU 3HAEMO, V AKOMY HAOpPAMKY PYy-
XAETHCA €JEKTPOH, TO HEe MOKEMO BU3HAUUTU HOTO IIBUAKICTH PYyXY,
i maBmaku. ToMy HEMOKJIUBO 3’sCYBaTH, AKOI0 TPAEKTOPi€I0 PyXaeThCs
eJIEKTPOH B aToMi. Ileli IpUHIIUII yIIepIille BUSHAUNUB HiMEIbKUN HAYKO-
Benib Bepuep I'eiizentepr.

OT:xe, IIaHeTapHa MOAesb aToMa Pesepdopna He 30BciM BigmoBimae
IificHOCTi B TOMy, IO €JeKTPOH 00epPTaeThCA HABKOJO SAApa 3a IIEeBHOIO
opbiToio. [lJis eJeKTpPOHA IIOHATTS «TPAEKTOPifA» 3aCTOCOBYBATU B3araJi
He MOKHa. IIpo eseKTpoH MOXKHa CTBePAKYyBaTU, IO B MEeBHIN TOUIlL
TIPOCTOPY € IeBHA MMOBipHiCTH IfoTOo mepeOyBaHHI.

MNoHATTA Npo opb6iTani

HatiTe BimmoBimp Ha sanuTaHHA: «Jle mix uyac GyTOOIBLHOTO MaTUy
nepebyBae Boporap?». BimmoBigb «y Boporax» He 30BciM mpaBuJibHaA. Bo-
poTap TOCTiHO PYXaeThbCA B MeKaxX IEBHOTO MPOCTOPY HABKOJIO BOPIT.
HaiitimoBipwuite #ioro miciie — 6e3mocepeaHbo 003y BOPIT, i3 MEHIIIOI0
NMOBipHiCTIO MOKHA 3HAWTU HOT0 B cepeAuHi (yTOOJBHOTO IOJs, i IIe
MeHIIIa IMOBipHiCTB, IITO BiH Oy/Ze y BOpoTax CYIPOTHBHHKA abo 3a BOPO-
Tamu. | MaiiiKe HEIMOBIpPHO IIiJ Uac MaT4y 3HAWUTU BOpOTapA Ha TPuOyHAaX.
Otike, AKINO CJOiAM Bim B3yTTs BopoTapsa IMMO3HAUUTH HA YMOBHIiHN cxewmi,
TO OTPUMAEMO 300pasKeHHs, AK Ha MaaoHKy 8.1. Mo)XHa ckasaTu, IIf0
CJiu BOpOTaps yTBOPIOIOTH TaK 3BaHy «XMapKy» HaBKoJo Bopit. Tawm,
Jle MIIJIBHICTh «XMapKW» HauObiJgbIIa, BopoTap mepedyBae yacrime 3a Bce,
a TaMm, JAe BiH mmepeOyBae PigKo,— «XMapKa» PO3PiasKeHa.
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«OpbiTanb» BopoTaps

Man. 8.1. AKWOo Kpankamu NO3HAYuUTU CRign Man. 8.2. EnekTpoHHa xmapa
BOpOTaps, TO Halbinblua MMOBIPHICTb OO B atomi ligporeHy
nepebyBaHHA — opbitanb — 6yae 6ina Bopit

Tax i exreKTpoH B aTomi mepebyBae He B OAHiINI KOHKPETHIiH TouIli,
a YTBOPIOE IiJi Uac Pyxy €JeKTPOHHY XMapy, I'yCTUHA AKOI (eJeKTpOoHHA
TyCTHWHA) TOKasye, y AKUX MICIAX eJeKTPOH IepebyBae uacrilie,
a B AKMX — pigme. Ao BigMiTUTH Ciin eleKTpoHaA B IPOCTOPi, TO
nia aroma igporeny orpumyeMo xMapy, AK Ha MaidoHKY 8.2. Ty uac-
TUHY eJIeKTPOHHOI XMapu, y SAKiil eJleKTpPoH mepebyBae HaiibiyibIle vacy,
TOOTO B AKiii eJIeKTPOHHA T'YCTHWHA MOCTAaTHHO BeJIUKAa, HAa3WUBAIOTH ATOM-
HOI0 opoOiTamnio. SIKIO MOJOBKUTH aHAJOTII0 3 HMEePEMIIeHHAM BOPOTAa-
pg mig wac maTtuy, TO «0opOiTasab» BOpoTapsd — Ie Miclle HaBKOJIO BOPIT

(mas. 8.1). AtomHa opbiTasbs — Ile WacTMHA IIPOCTOPY, A€ HaliMOBipHi-
mie mmepedyBae eJeKTPOH.
[ ] . . L
\‘_. Op6iTanb — Lie YacTUHa NPOCTOPY, Ae NMOBIPHICTb NepebyBaHHA eNekTPoHa
4 BuLLa 3a 90 %.

EnekTpoHHI XMapu, 10 YTBOPIOIOTLCSI OKPEMUMU €JIeKTPOHAMU B aTo-
Mi, pa3oM yTBOPIOIOTH CHIJIBHY €JIEKTPOHHY XMapy aroMa — eJeKTPOHHY
000JIOHKY.

Pi3HOBMAW eneKTpoHHMX opbitanen

3asBuyail eJIeKTPOHHY 00O0JOHKY aTOMiB YTBOPIOE He OAUH €JeKTPOH.
Ix Moxxe 6yTm 7m0 meKiNTBKOX AecATKiB i HaBiTh 6iau3BKO coTHi. BoHu He
MOJKYTh MicTUTHCA Ha OAHiM opbitasi. Tomy B GiJIbIITOCTi aTOMIB e1eKTPO-
HU Nepe0yBalOTh Ha PisHUX opbiTanax, cepel AKUX BUIIIAIOTH YOTUPU
Tunu. Koxxuuil Tum opdiTanseil XxapaKTepU3yeThCs PiBHUMU BJIACTUBOCTS-
MU, 30KpeMa, BOHU MaiTh PisHy Gopmy.

OpbGiTani pisHoi opmMu mos3HaAUYaOTh pisHUMU OyKBamMu: S, p, d i f.

s-Opbitani maroTs Qopmy Kyai (man. 8.3a, c. 40), iHaKmie Ka-
JKy4M, eJeKTPOH, II0 IepeOyBae Ha Takiii opOitaimi (#ioro HasMBaIOTh
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l |
a 6 8 2 0 e
Man. 8.3. ATomHi opb6iTtani: a — s-opbitanb; 6 — p-opb6iTanb; 8 i ¢ — pi3Hi BUAK
d-opbiTanei; 0 i e — pi3Hi Bugn f-opbitanen

$-eJIeKTPOHOM), OisbImricTh uacy mepeOyBae B mexkax cdepu. p-Opbirasri
MaoTh Gopmy 00’eMHOI BiciMmrm (man. 8.36). @opmu d- i f-opbiraseit
HabaraTo ckJgagmimii (mana. 8.38—e).

Ak pisHannca npo dopmu opbitanen? 3BuyanHo, opbiTanb nNobauntu
HEMOX/IMBO aHi HEO3BPOEHNM OKOM, aHi 3a JOMOMOrO Cy4YacHUX Mpu-
napis. Op6iTanb — Ue NMLWe YacTUHA NPocTopy. A AK MOXHA No6aunTu
npoctip? Tak caMo N HEMOXNUBO MOOGAUUTU ENeKTPOH, Wo nepebyBae
Ha opb6itani. Mpo dopmy opbitaneli M1 3HAEMO 3aBAAKU MaTEMATUYHUM
MeTOAaM MOJENIOBAHHA PYXY YaCTUHOK.

1926 poky aBcTpiicbkuii ¢isnk EpsiH LpepiHrep BuBiB ¢pyHAaMeHTanbHe
piBHAHHA (piBHAHHA LpepdiHrepa), Ake onncye pyx eneKTpoHa B aToMi,
WO [03BOAWIO O6UMCIINTM MMOBIPHICTL MepebyBaHHA efleKTpoHa B Tii
Yy iHWIN YacTWHI NPOCTOPY, a OTXe, BU3HauuT Popmy opbitanein. Bia-
kputta LpegiHrepa 6yno ofHielo 3 nepefyMoB BUMHUKHEHHA KBAHTOBOI
Ximii, AKa BUBYaAE OyfOBY eNeKTPOHHMX OOONIOHOK aTOMIB i MoneKyJ.

ABCcTpilicbknin ¢i3nk, naypeat HobeniscbKoi npemii
3 disukm 1933 poky. Hapogueca y BigHi B poguHi da-
6pukaHTa. CepeaHio ocBiTy 3406yB yooma, 1906 poky
BCTYNMB JO BioeHcbKoOro yHiBepcuTeTy, a BxXe uepes
YOTMPU POKM 3axXUCTUB [JOKTOPCbKY AucepTaLito.
[MpoBoAMB JOCNiIAXKEHHA B ranysi 3arasbHOl Teopil
BiHOCHOCTI, CTaTUCTUYHOI MexaHiku Towo. Hanbinb-
LKA BHECOK 3pO6MB y KBaHTOBY MexaHiKy, chopmy-
nioBaBLWY XBUNIbOBY dyHKLUito (piBHAHHA LpegiHrepa),
AKe OMNUCYye MNOBefiHKY MIKPOYAaCTMHOK — eneKkTpo-
HiB, MPOTOHIB, aToMiB Towo. Lle BigKpuTTA CTano no-
LUTOBXOM Y PO3BUTKY TEOPETUYHOI Di3KKN 1 XiMmil.

EpBiH WpepgiHrep
(1887-1961)
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BucHOBKM

1.

2.

EnekTpoH BUABNAE NOABINHI BNAaCTMBOCTI: i YaCTUHKK, i XBWAi. Tomy ana
BM3HAYEHHA MOJIOXKEHHA €NEeKTPOHIB B aTOMi BMKOPMWCTOBYIOTb MOHATTA
npo opbiTanb AK YacTMHY NPOCTOPY, Ae NepebyBaHHA enekTpPoHa HaliMo-
BipHiLwe.

Po3pisHstoTb yoTnpy TUnNK opbitaneit: s, p, d i f.

KoHTponbHi 3annTaHHA

1.

flka He3BMYalHa BNACTMBICTb eNeKTPOHa BiApPi3HAE MOro Bif 3BMYANHNX
diznyHmx Tin?

2. Y yomy nonarae fBoiCTa Npupoja enekTpoHa?’
3. Lo Ha3mBatoTb: a) ENEKTPOHHOK XMapoio; 6) aTOMHO opbiTanso?
4. Ay popmy MatoTb s- i p-opbitani?

3aBAaHHA ANA 3aCBOEHHA MaTepiany

1.
2.

3.

Yum BigpisHstoTbCA s-opbiTani Ta p-opbiTani?

fIK BU BBaXa€Te, 3aBAAKN AKMM B3aEMOLIAM e/IeKTPOHW NPUTATYIOTbCA A0
Aapa N BiAWTOBXYHOTbCA OAWUH Bif, OAHOro?

AIK B BBa)Ka€Te, YOMy aTOMHi opbiTani MatoTb came Taky dopmy? Yum ue
3ymoBneHe?

§ 9. CTpyKTypa eneKTpoHHOI 060/I0OHKN aToMa

EHepreTnyHi, abo enekTpoHHI, piBHi

B esnekTporHNX 000JI0HKAX aTOMiB OpOiTaJii icHyIOTh He XaoTuuHo. BoHNI

YTBOPIOIOTH YiTKi CTPYKTYPH, IO PiBHATHCA KiJIBKICTIO i TUIIOM OpOiTaser.

CTpyKTypy opbiTaieit B aToMi MOKHA MOPiBHATH 3 0araTomoBePXOBUM
OyAMHKOM, y AKOMY OKpeMi KiMmHaTu — 11e opbitaini. Koxuuii moBepx —
Ile eHepreTUYHNI piBeHb, ab0 eHepPreTUUYHUN IIap.

Enepreruunuii piBeHb 00’eIHYE
IeBHY KiJbKicThb opOiTaseii, 1o Mma-
IOTh TPUOJIU3HO OTHAKOBY €EHEPTiio
(mam. 9.1).

KosxkHuii eHepreTuuHuii piBeHb
mo3HavaioTh umcjaomM n (n=1, 2,
3, ...) abo BeJMKOI0 JaTUHCHKOIO JIi-
teporo (K, L, M i gaii 3a andasiTom).

Hna mepiroro (HalOJMMKUOTO IO
anpa) pisag n=1 (piBerp K), masa
apyroro n = 2 (piBeus L), 1 TPeThO-
ro n =3 (piBerb M) Tomro. IllapyBaty

Appo

EHepreTnyuHi
\Q 4 piBHi
1234

Man. 9.1. Op6itani 3 6nM3bKoO eHep-
ri€lo yTBOPIOIOTb MEBHUN eHepre-
TUYHUI piBeHb. Yum pani Big Agpa
PO3MilLEHNI eHepPreTUYHWIA PiBEHDb,
TM 6inblly eHeprilo MaloTb eneKkTpo-
HW, WO Ha HbOMy nepebyBaloTb
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OyZIOBY €JeKTPOHHOI 000JIOHKM aTOMiB MOJKHAa 300pa3uTU TaK: OKPYIKHIiC-
TIO IO3HAUEHe AOpPO, II0 Mae MeBHUI 3apsAd, a AyraMm — eHepreTUuYHi
piBHi:

n=3

n=2 'y
n=1 [

@K>

Kosxuuii piBeHs i3 HomepoM n mictuth n? opbiranei

EHepreTnyHi nigpisHi

Omike, mepIIuii eHepreTUYHUN PiBeHb CKJIANAEThCA 3 OqHiel opbiTari,
Ipyruii — i3 4OoTUPHOX, TPETii — i3 meB’ATHU TOIIIO.

Y 6araTomoBepxoBOMY OYAMHKY KOKHUN IIOBEPX PO3MiJIAI0TL HA PisHi
KBapTupu. Ajsie Hamt OyAWHOK He3BuualiHuil. KibKicTh KBAPTUD HA KOK-
HOMY TOoBepci TOpiBHIOE HOMEPY ITOBEPXY, TOOTO Ha IePIITOMY ITOBEpCi omHa
KBapTupa, Ha ApyromMy — aBi Tomo. Tak camo i B eIeKTPOHHiI 000JIOHITL
KOJXKHUH eHepreTUYHUII PiBeHb CKJAJa€ThCA 3 €HepreTUYHHUX MiApiBHIB.

KinbKicTh eHepreTMUYHUX IIiAPiBHIB HA €HEPreTUIHOMY
PiBHI TOpiBHIOE HOMEPY IHLOTO PiBHS

Enepreruuni migpiBHi mosHauamoTh Tak caMmo, K i opbOiraui.

Homep enepreTuyHoro piBHa KinpkicTs migpiBHiB Ta ixHil TN
n=1 OpuH migpiBeHb: s
n=2 IBa migpiBHi: s Ta p
n=3 Tpu migpiswi: s, p Ttad
n=4 Yorupwu niapisHi: s, p, d ta f

3asBuuail KBApTUPHU B OyAMHKAX PO3AIIAIOTh Ha KiMHATHU. ¥ HAIIOMY
BUIAAKY KiMHaTH — Iie opOirTasi.

KoxkHuii eHepreTuYHU IIiAPiBeHb MOYKE MiCTUTHU JIMINIE TEeBHY KiJb-
KicTh opbOiTaseii, 1110 BiAIIOBiZae OT0 TUITY:

Tun migpiBaa KinbkicTs opbiTaneit Ha minpiBHi
s 1
p 3
d 5
f 7



§ 9. CTpyKTypa eneKTpoHHOi 0OONOHKM aToma

To:xx Mo:kHA mepegiunTy opbiTasi, 3 AKUX CKJIAJAI0Th €HepreTHuYHi
piBHi Ta migpiBHi, Yy TaKuii crmoci® (1 mepIiux TPHOX PiBHiB):

Ilepmuii | s-migpiBenn

piBensb CKJIaJIa€ThCS

n=1 3 oxgHiel s-opbiTasti

A pyruit & |

piBeHB

n=2 Co J?
s-migpiBeHb '
CrjIajaerecda P-UifpiBeHb CKIaLAaEThCS 3 TPHOX
3 onuiel s-opOiTauti p-opBitaeit

Tperiit - |

piBeHbB

n-3 o q@

s-migpiBeHs
CKJIQIa€ThCS
3 oxgHiel s-opbiTasi

P-HigpiBeHb CKJIAZAETHCA 3 TPHOX
p-opbiTaseit

xR

d-migpiBeHb CKIANAETHCA 3 11’ ATU d-opOiTasiein

T'padiumo opbiTans mpuiituATo mo3HaUaTH KBagpaTtoMm. OT:ke, opbiTasri

MEePIINX YOTUPHbOX €HEPreTUYHUX PiBHIB OyAYyTh BUTJIAJATU TaK:

EHepria

Oo6itan
~_ Opbirani

| L
d

d

Op6iTani

f

\ n=4| | ||
PiBHi S p
n=3 | ||
Homep ; s p
000
S

piBHA n=2
n=1 |:|
S

-nigpiBeHb
p-nigpiBHi
s-nigpiBHi

MNigpisHi
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A Mu 6aunMo, HMepPIIUi eHepreTUYHNN PiBeHb CKJIAZAETHCA 3 OIHO-
ro S-MiApiBHA, YTBOPEHOTO OAHi€l0 s-opbOirasuio. IIpyruii piBeHb CKJa-
naeThcA 3 JBOX IiApPiBHIB (S Ta p), YTBOPEHUX OOHIi€I S-0pOiTAJIIIO
i Tppoma p-opbOiTamamu (ychoro uoTupu). Tperiii piBeHb CKJIAZAETHCA
3 TPHOX MiApiBHIB (S, p Ta d), YyTBOPEHUX OAHi€I0 s-opbiTasito, TphoMa
p-opbitanamu i m’ArbMa d-opbiTamamu (yckoro neB’sitb). Ha ueTBepTo-
My piBHiI momaeTrbcd Ime cim f-opOiTasieit, i 3arajomM UeTBepTUI PiBeHb
ckJamaeTbea 3 16 opbitaneii. OT:Ke, 3arajbHAa KiJIbKicTh opbOiTaseil Ha
piBHi n mopiBHIOE n2.

3BepHITH yBary, 110 HyMepallisi eHepreTUYHNX PiBHIB Ha rpadiunomy
300pakeHHi BimOyBaeThcA 3HH3Y Bropy. ¥ TaKUH cmoci0d migKpecJio-
I0Th, M0 3HU3Yy Bropy 301JbITYETHCA eHepria eHepreTnuyHuxX piBHIB. Ile
o3Hayae, IO IEePINUi eHepreTUYHHuil piBeHb € HAWOJMIKYUM OO0 Aapa
1 HaWHMKYUM 3a eHeprieo. EjlexTponu, 1o Ha HhOMY IIepe0OyBamoTh,
MalTh HalMeEHINy eHeprito. UuM BUINe PO3MillleHUIl eHepreTUUYHUN
piBeHBb, TMM gmaji Bif aapa BiH mepeOyBae i TUM OiJBINTY eHepriio Ma-
TUMYTb €JeKTPOHU.

Otixe, eJIeKTPOHHI 000JIOHKY aTOMiB MalOTh JOCUTH CKJIAAHY, aje YiT-
KY CTPYKTYPY 3 €eHepreTHUHUX PiBHIB, miApiBHIB Ta opbiTaseii. Ik BoHHI
3aMOBHIOIOTHCA €JIEKTPOHAMU, BU Ji3HAETeCA B HACTYITHOMY maparpadi.

- B aTomi opbiTani po3TalloByOTbCA TakMM YMHOM, WO ALPO
aToma 306iraeTbca i3 LeHTPOM KOXHOI opbitani. Akwo nigpi-
BeHb CK/IAAA€ETbCA 3 eKinbKox opbiTanell, To BOHU po3Tallo-
BYIOTbCA TaK, WOO 6yT MakCManbHO BiadaneHUMN oaHa Bif
ofHoi. Hanpuknag, Tpu p-opb6itani 6yayTb po3MilleHi B30BX
B3aEMHO MeprneHANKYNAPHNX OCen i3 LIeHTPOM y AApPI aToma.

« Ha rpadiuHomy 306pakeHHi opbiTanei eneKTpOHHOI OOONOHKM aTOMIB
Ha N'ATOMY eHepreTM4yHOMY PiBHi HeobXigHO JopaBaTn g-opbitani, ane
B XOAHOMY XiMiYHOMY efleMeHTi BOHM He 3aMnOBHIOITbCA eNleKTPOHaMMU,
TOMY CTPYKTYPY €HepreTUYHMX PiBHIiB, MOUYMHAOUM i3 YeTBepTOro, 306pa-
XKYIOTb OJHAaKOBO TakKUMM, WO CKIAAAITbCA i3 YOTUPbLOX NiAPIBHIB.

AHrnicokuin ¢isvk Yapnb3 bapkna, MPonoHyouM No3HavaT eHepreTnyHi
piBHI ByKBaMK, CroyaTKy BMKopucToByBaB OykBu A, B, C i gani. Ane notim
NPUNYCTYB, WO MOXYTb ICHYBaTW Lie HUXYi (rMOLWi) eHepreTuyHi piBHi,
ToMy, o6 3anmwmnTin 6yKBU andasiTy ANnA HUXKUMX PIBHIB, BiH NOYaB Mo3Ha-
yeHHA 3 6yken K (noTim L, M i gani). 3ropom BMABMOCA, WO BiH BigKpWB
HaHWXKYi piBHI, ane iHWi 6yKBW MPUCBOOBATY 1M TaK i He CTanu.



§ 10. Po3nogin enekTpoOHiB B eNeKTPOHHI 060NOHLi aTomiB

Mo3HaueHHA eHepreTMYHUX NigpiBHIB (s, p, d, f) XOAHUM UYMHOM He
nos'a3aHo 3 ¢opmoto opbiTaneii. Ha3Bu nigpiBHAM fJaBanu HayKoBLj,

AKi BMBYaNM BMMPOMiHIOBAHHA aTOMIB i3 Lux op6iTanei. BoHn Ha3Banu

iX 32 popmoto CMyr BUMPOMIHIOBaHHA: sharp — BupasHa, principal —

ronoBHa, diffuse — po3muTta, gndysHa, fundamental — ocHoBHa. A Konu
BIOKPWMAM HACTYNHUIN NigpiBeHb, NOro NpoCcTO MO3HAYUAM HACTYMHOMO

6ykBoto nicna f, TobTo g.

95 BucHoBKM

Opb6itani yTBOPIOOTb eHepreTWyHi piBHi. KOXHWI eHepreTUdYHuin piBeHb
CKNAJa€ETbCA 3 eHepreTUYHNX NiAPIBHIB, WO, CBOEI YePro, CKnafanTbea
3 NeBHOI KiflbKOCTi opbiTanei.

O KoHTponbHi 3annuTaHHA
1. Lo Ha3umBatoTb: @) EHEPreTUYHUM piBHEM; 6) eHepreTUUYHM NigpiBHEM?
2. fki eHepreTnYHi NigpPIiBHI € Ha NepLIOMY, APYrOMY Ta TPETbOMY €HepreTmny-
HUX PiBHAX?
3. 3i ckinbkox opbiTanel CKNafaeTbCa KOXEH i3 BiJOMVX BaM €HEepPreTUYHux
nigpiBHiB?

f 3aBAaHHA AnA 3aCBOEHHA MaTepiany

1. 3o06pasitb rpadiyHo cTpyKTypy opbiTanein B aTomi Ana neplumx Tpbox
eHepreTUYHNX PiBHIB.

2. fK BW yABMAETE NPOCTOPOBE PO3TallyBaHHA OAHI€l s-opbiTani Ta TPbox
p-opbiTanein B aTomi? 306pa3iTb Lie Ha MasloHKY, 3a MOYaTOK KOOpAuHaT
NPUAMITb LIeHTP aTOMHOro AApa.

§ 10. Po3nogin eneKTpoHiB B eNeKTPOHHIN 060/10HLi aTomiB

Mpuvrapante:
« AK BU3HAUUTW CKNnaj atomiB (3a § 6);
+ CTPYKTYpY eNeKTPOHHOI 060M0HKK aToma (3a § 9).

MicTkicTb opbitanen

EnexTporHu po3momiidmTheA MO opdiTandax 3a IMEeBHUMHU IPAaBUJIAMU.
Ha xoskHi#t opbiTanmi MakcuMaJIbHO MOKYTH PO3MICTUTUCS ABa €JeK-
TPOHU.
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I'padiuro opbiTanb 300pasKylOTh y BUIVIALL KBajgpaTa, a eJIeKTpo-
HU — Yy BUIJIALL CTPiJIOK, COPAMOBAHUX JOTOpU ab0 AOHUBY:

|:| — BisbHa (BakaHTHa, ab0 He3alloBHeHa) OopOiTaJb;

— opbiTaab, M0 MiCTHUTH OOWH €JeKTPOH; TAKMH eJeKTPOH Ha-
3WBAIOTH HECIIAPEHHM;

— 3amoBHEeHa opbiTaJyb, IO MICTUTH ABa E€JIEKTPOHMU; TaKi ejex-
TPOHU HA3WUBAIOTH CIIAPEHMMH, a00 €JIEKTPOHHOIO IIapoI0.

@ CniH enekTpoHa — Ue MOro BHYTPIlUHA BNACTUBICTb, WO XapaKTepusye
BiQHOLIEHHA eNeKTpOHa [0 MarHiTHoro nond. HaouHo Ui BRacTUBICTb
MOXKHa YABUTU AK MOX/MNBICTb 0OepTaHHA eNeKTPOHa HaBKOJIO CBOEI OCi.

AKWO OBa enekTpoHW obepTaloTbCA
HaBKONO BflAaCHOI OCi B OAHOMY Ha-
NPAMKY, TO FOBOPATb, WO iX CriHW
napanefbHi, a AKWO B Pi3HUX — TO
X CMiHW aHTMNapanenbHi (guB. man.).

OpfHa opbiTanb MoXe MICTUTU nuwe

. W
S ¥ g
I i
o Y-

EnexkTpoHu 3 napanenbHuUmu (a) Taki OBa eJIEKTPOHMWU, CMNiHW AKUX € aH-
Ta aHTUMNapanenbHUMK cniHamm (6) TunapanenbHumun. Lle npaBmno Hasu-
Y MarHitHomy noni BalOTb MPUHUUMNOM 3abopoHu [Mayni.

Ha opHin op6itani MoXyTb nepebyBatn He Gifnblue HixK \/
[Ba eNeKTPOHW, NMpUYoMy iX CMiHM MalTb OYTW aHTU- TT’( T\L

napanenbHUMN.

ABCTPINCbKMI Ta WBenuapcbkuin ¢isuk, naypeat
Hob6eniscbkoi npemii 3 ¢isnkn 1945 poky. ¥ 20 po-
KiB HanucaB CTaTTIO MPO 3arafibHy Ta cneuianbHy
Teopito BIAHOCHOCTI, AKY HaBiTb CXBannB ANHLUTANH.
MNpautoBaB acucteHTom y Hinbca bopa. Bucnosms
NPUNYyLLEHHS, WO eNeKTpoHaM NpuTaMmaHHa BlacTu-
BiCTb, AKY Mi3HiWwe Ha3Banu cniHoMm. ChopmynioBaB
3aKOH, BijoMuiA siK NpuHLMN 3abopoHu Mayni, wo €
byHOamMeHTanbHUM Ana pPo3yMmiHHA GygoBu 11 noBe-
OiHKM aTOMiB, aTOMHUX Afep, BNacTUBOCTEN MeTa-

niB Ta iHWKUX Gi3MYHUX ABULY. 3a NOFrO0 0COBUCTICHI BonbdraHr EpHect
AKOCTI Ta CXWAbHICTb A0 HEWaAHOro KPUTUYHOro Mayni
aHanisy Koneru HasuBanm Noro «AoKopom Gisnku». (1890-1958)
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MNpnHUMN HanmeHwWwol eHepril

Vei ximiuHi BJIaCTUBOCTI PEeYOBUH BU3HAYAIOTHCS OYIOBOIO €JIeKTPOH-
HUX 00OJIOHOK aTOMiB.

11106 ommcaTu eleKTPOHHY OYyIOBY II€BHOTO aToMa, HeoOXigHO 3HATH,
AK caMe PO3IOAiJIeHI eJIeKTPOHU IO Horo opbitandx.

PosrnsgsabMoO, K €JeKTPOHU 3alOBHIOIOTH €JEeKTPOHHI opbiTasi
aToMiB.

EnexTponu saifimaroTb opbiTasi mOCTiZOBHO, MOUYMHAIOUMN 3 IIEPIIOrO
€HepreTUYHOro PiBHS, 3a MOPAAKOM 30iJIbIIIeHHSA eHeprili piBH.

CriouaTKy «3acesisiETbCA» IEePIINi eHepPreTUYHUHN pPiBeHb, IOTIM —
Ipyruii, Tperiit Toro. Ileft MpuHIUT HA3WBAIOTH MPUHIIUIIOM HAWMEHIIO1
eHeprii.

KinpKicTh eHepreTuuHMX PiBHIB, IT0 3alIOBHIOIOTHCSI B aTOMi IEeBHO-
ro eJieMeHTa, BU3HAUaloTh 3a HomepoM Iepiomy Ilepiogmunoi cucremu,
y AKOMY PO3MIIITeHUH Iell XiMiuHUHA eJIeMeHT.

Tak, B aToMax XiMiYHHX €JIEMEHTiB IIEPIIIOTO MePioly 3alIOBHIOETHCA
JUIIe MepHInii eHepreTUYHUN piBeHb, B aTOMax eJIEMEeHTiB APYroro Iepi-
ooy — TIepIIi JBa eHepreTWYHi PiBHi, TPETHOTO — TPHU TOIIO.

Hanpurnaazn, Tizporen poswmimmeHuil y mepimomy mepioai mim HOMe-
pom 1. ITe o3Hauae, 1110 B €JIEKTPOHHiN 000JIOHIII 1OT0 aTOMiB MicTUTBhCA
JUIIe ONWH eJIeKTPOH, AKUil mepebyBae Ha IEPIIOMY €HEePreTUuYHOMY
piBHiI Ha emmuiii s-opbiraii.

T'padiumo O6ymoBy esleKTpoHHOI 000J0HKU aTomiB [imporeny samucy-
IOTh y TaKuii CIociob:

CumBOn enemeHTa Homep eHepreTnyHoro pisHsa

H 1
T s\
3apag agpa atoma Tvn eHepreTMYHOro
(KiNbKicTb eneKTPOHiIB) nigpisHA

Kpim rpadiunoro zobpaskeHHsa OyJOBU €JIEKTPOHHOI OOOJIOHKW, BUKO-
PUCTOBYIOTH TAKOJK 11 3amKC y BUTVIALL €JIeKTPOHHOL (hopMyiH (eIeKTPOHHOL
KoHdirypariii), y aKiii HaBOAATH yci 3afiHATI eHepreTuuHi migpiBHi i3 3a-
3HAUEHHAM KiJIbKOCTi €JIEKTPOHIB Ha KOXKHOMY 3 HUX.
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Enexktponna ¢opmynaa 'imporeHy mae BUTJIAL:

CrmBon XimMiyHOro enemeHTa \ */Tmn eHepreTMyHoro
nigpisHA (opbitani)
H 1s!
KinbKicTb enekTpoHiB
HOMep eHepreTm4yHoro piBHﬂ Ha LboMy |'||p‘p|BH|

Tenift Tako:K pPoO3MillleHUIl y HepIIOMY IIepiodi, TOXK B eJIeKTPOHHIil
000JI0HIII T1OTO aTOMiB TaK caMO 3aIllOBHIOETHCHA IEPINNIl €eHEePreTUUHUHN
piBeHb, IIIO0 CKJIaZa€ThcA 3 OmHiel s-opbitani. Ajse Ha 1iit opbiTani BiKe
MiCTHUTBCS OBa €JeKTPOHU, OCKiJIbKM MOpPAAKOBUM HoMep [emiro — 2.

o,He 1 %
s
EnexrtporHa (popmy.a Iemiro: 152

B enemeHTiB Apyroro mepiofy mouMHa€E 3aOBHIOBATUCA €J€KTPOHA-
MU OIPYTUHA eHepreTUYHUU piBeHb. Ha apyromy piBHI BiKe ABa IigpiBHi:
s-migpiBenb (omHa opbiTanb) i p-migpiBeHs (Tpu opbiTari):

L
i

HezanmexxHo Bify KiJTbKOCTI eHEPTeTUYHUX PiBHIB, €JIEKTPOHU CIIOUYAT-
Ky 3aI0BHIOIOTh HAWHMIKUYNII PiBeHb, TOOTO B IILOMY BHUIIAAKY IIEPIINII,
a moTriMm y:Ke apyruii. Hanpukaan, posrisHeMo O0yJ0BY eJeKTPOHHOI 000-
goHKu Jlitito, 1m0 MicTUTH Tpu eJeKTPOHU (IMOPAIKOBUIA HOMep — 3).
OCKiJIbKU IIepIIMi piBeHb MaKCUMAJBLHO BMIIIIyE€ IBa €JIEKTPOHHU, TO Ha
IPYyroMy Ma€ MIiCTHUTHUCA JUIe OAUH eJeKTPOH. SIK Bu BBayKaeTe, AKY
opbiTanb «obepe» TpeTiii eseKTpoH? SrifHO 3 HNPUHIMIOM HaXMEHIIIOI
eHeprii, KOKHUUN eJeKTPOH PO3TAIIIOBYEThCA B TAKUI CIIOCiO, 11100 #0oTro
eHepria OyJjia HallMEHIIIOIO, OTXKe, cepe] BiIbHHX opbiTaJeit BiH obupae
opbiTa/b i3 HAWHUIKYOIO eHepriero.




§ 10. Po3nogin enekTpoOHiB B eNeKTPOHHI 060NOHLi aTomiB

Cepen ycix opbGitaieii s-opbiTasi MaTh HaAWMEHIITY eHepriio, TOMY
€IVHUN eJeKTPOH APYroro eHepreTUYHOro IIapy saiiMaTume s-opbiTasisb,
a p-opbiTajyi B I[bOMY BUIIA[Ky 3aJUIIATHCA BIILHUMM:

i 2|1
s p
11y %@

EnexTponna dopmya Jlitiro: 1522s!

PosruisiHeMo GyZOBY eJIeKTPOHHOI 000s0HKU Bepmiito. Moro uersep-
Tl eJIeKTPOH TAaKOMK Mae o0paTu Ty camy opOiTajib, IO ¥ TpeTiit eslek-
TpoH JliTifo. J[OMOKM He 3allOBHUTHLCA MOTOUYHUI MiApiBEeHb, HACTYIIHUHN
3alOBHIOBAaTUCA He MmouymHae. Tak, B aromi Bepuiiro (mopsgkoBuii HO-
Mep — 4) TOBHICTIO 3aIOBHEHUU S-TiJPiBeHBb, YTBOPIOIOUYU EJEKTPOHHY
mapy, a p-uijpiBeHb 3HOBY 3aJIUINAETHCA BiJIbHUM:

4Be 2
s
i

EnexTponna ¢opmysna Bepuriro: 152252

Jluime AKIO S-opOiTanb 3alI0BHEHA, €JIeKTPOHU MOUYMHAIOTH 3aiiMaTu
p-op6itani. Tak, B aromi Bopy (mopsagkoBuit Homep — 5) Ha p-opbitasti
BiKe 3 SIBJISIETHCSA OMWH EeJIEKTPOH:

5132 T

S

1]

s
Enexrponna ¢popmyna Bopy: 1s22s522p!

Amnauisyioun eJIeKTPOHHI (POPMYJIU OCTAHHIX TPHOX €JIEMEHTIB, MOKHA
3poOUTH BUCHOBOK, IO B iHINKUX €JIEMEHTIiB JPYroro mepiogy Takoxx 0y-
IyTh 3aIIOBHIOBATHUCA €JIEKTPOHAMM OpOiTaji mepiinx JBOX eHePreTuuHUX
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piBHiIB, a eJleKTpPOHHA O000JIOHKA KOXKHOT'0O HACTYIIHOTO eJieMeHTa Oyme
BiIpisHATHCA BiJ eJIeKTPOHHOI 000JIOHKHU IIOIEePeqHBOrO JIMIIEe Ha ONUH
eJIEKTPOH.

Po3nopgin enekTpoHiB no opbiTansAx Ha eHepreTMYHOMY MigpiBHI

YacTo TpanasaTbCA BUMAAKM, KOJU Ha IIiAPiBHAX, 10 CKJIAJAIOTHC
3 IeKiJIbKOX oplOiTaJieii, po3MillyeThcsa JeKilbKa eJIeKTPOHiB. BuHuKae 3a-
OUTaHHSA: AKi opbiTani BoHU 3aiMaioTs? Hanpukiaan, AKImo Ha p-migpiBHi
MiCTATbCA MBA €JIEKTPOHU, TO BOHU MOKYTH 3aHATH a00 OTHY p-opbiTass,
abo nBi pisHi p-opbGiTasi:

T ao | T1|7T

Hnsa Takoro BUIagKy iCHye IpaBUWJIO, 3TiHO 3 AKUM €JeKTPOH 3aiiMae
BiTbHY OpOiTanb, a 3a BifICYTHOCTI BibHOI — yTBOpPIOE mapy 3 iHITUM
eJIeKTPOHOM y HamiBasamoBHeHiit opbitani. Tak camo, AK i Jogu B TPO-
Jeiidyci cmouaTKy cifaioTh Ha BiJbHI Miciis, a SKINO BiIbHUX MicIlb He-
Mae, TO MiACAIKYIOThCA M0 iHIMMX macakupiB. Ile mpaBmio Ha3WMBAIOTH
npaBuiioM XyHaa.

Y mexxax ogHOro eHepreTMYHOro MigpiBHA eNeKTPOHW PO3NoainAlTbCA Mo
:‘.. opb6iTansax TakuM YMHOM, OO KiNbKiCTb HeCMapeHnxX eNleKTPOHIB Byna Mak-

NN % YTV

Himeubknin  dismk-teopetuk. Hapogusca B MicTi
Kapncpye. ¥ 26 pokiB 3akiHUMB [eTTIHFEHCbKMN YHi-
BepcuTeT. [poTarom HacTynHux 40 poKiB npauoBaB
Mai>ke B YCiX BENMKMUX YHiBepcuTeTax HimeuunHu. Hai-
BaXKNMBiWi npaui XyHAa NPUCBAYEHI KBAaHTOBIN MexXaHi-
Ui, CNeKTPOCKOoNii aTOMiB i MOfIeKys, MarHeTU3My, KBaH-
TOBI Ximii Ta icTopii ¢i3nkn. 1927 poky cdopmynioBas
emMnipnyHi NpaBwfa, WO PEerynaoioTb MOPAAOK 3ano-
BHEHHA aTOMHUX opbiTaneli enekTpoHamu (npaBuna
XyHpa). YBiB yABNIeHHA MpO Cirma- Ta ni-38'A3Kkn. bpas
yyacTb y po3pobLi HOBOro metody KBAHTOBOI XiMii —
MeTOoAY MONEeKYNAPHUX opbiTaneil.

Opigpix XyHA
(1896-1986)
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3rigHo i3 MMM TpaBUJIOM, B eJeKTPOHHiN obojoHIli aTroma KapbGory
€ IBa HecIapeHi eJeKTPOHU!:
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p
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s 1522522p2

SAxio Ha p-nigpiBHI Mae posTalryBaTucA OiJbIe HiK TPHU eJIeKTPOHU,
TO «3aMBUH» €JIEKTPOH YTBOPUTH €JIEKTPOHHY IIapy 3 iHIIINM eJIEKTPOHOM,
10 BiKe PO3MIIleHUI Ha IIbOMY HiApPiBHIi:

© 2N 11
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1522522p*

N

Takum umHOM, B aTomax Heowy mepimmii Ta APYruil eHepreTUYHI
OigpiBHI IIiTKOM 3aIllOBHEHI €JIeKTPOHAMMN:

oNe 2 TN
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s 1522522p6

BynoBa enekTpoHHUX OOONOHOK aTOMIB €/leMeHTIB TPeTboro
N YeTBepPTOro nepioAis

EnexTponni 000J0HKK aTOMiB ejleMeHTiB iHIINX MepioAiB 3aIl0BHIO-
IOThCA 3a TAaKMMHU CAMHMU HpaBujaMu. TaK, B aTOMiB IIepPIIIOro eJeMeHTa
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Tperboro mepiony — Harpito — moumHae 3amOBHIOBATHCS TPETiNl eHep-
TeTUYHUN PiBeHb:

uNa3|||||||d|||
s p
2 [N [N
s p
11y

3BepHiTH yBary, 1mo B aromi HaTpito Ha TpeTboMy eHEepreTUYHOMY
piBHI 3’aBAAETHCA TPETil miApiBeHbD, IO CKJIaTAETHCA 3 d-opbiTameit. Ale,
AK 1 p-op6irtani, y Harpito opbGitani d-mizpiBHaA I1le He 3amMOBHIOIOTHCA
€JIeKTPOHAMH ¥ 3aJUINAIOTbCA BaKAHTHUMU.

B aTomax ocTaHHBOTO ejieMeHTa TPeThOro mepiogy — Aprony — mo-
BHiCTIO 3aiiHATI Bci s- 1 p-op6GirTauri:

wAr 3 . |T¢|N|N| L] Idl [ |
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B atomax ejeMeHTIB UeTBEPTOro IIepiofy MOUYMHAE 3alOBHIOBATUCS
€JIeKTPOHAMU YETBEPTUN €HEepTeTUUYHWIN pPiBeHb, IOMPUW Te IO TPeTii
piBenb Ime HemoBHuii. Ile moB’sA3aHO 3 TUM, IO eHepria 4s-migpiBua
MeHINa, HidK eHepria 3d-mifpiBHsa, Xoua B I[BOMY BHUHOAIKy d-HiApiBeHb
posMilieHn Ha OJMKYOMY OO0 sSApa eJIeKTPoHHOMY pPiBHiI. B aTomax mep-
IIOTO eJieMeHTa ueTBepToro mepiomy — Kajito — omuH eJIeKTPOH Po3-
TAIIOBYETHCSA HA 4s-ni,upiBHi:

ok a0 LI LI LTI
d f
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Y macrtynHOro enemenTa — Kanbllito — 4s-migpiBeHb IiJIKOM 3aIo-
BHEHUN.

OTsxe, MU POSTIISAHYJIW OCHOBHI IPUHITUIIN, IO JOIIOMOYKYThH 3PO3yMiTH
O0yIOBY €JIeKTPOHHUX 000JIOHOK aTOMIB MEPITUX ABAAIATH XiMiUHUX eJleMeH-
riB. IIi mpuHIIMOU € yHiBEepCAJIbHUMU ¥ BUKOHYIOTHCA TAKOMK i AJIA iHIIMX
eJIeMeHTiB. AJie IJid iHIIINX eJIeMeHTiB HeoOXiTHO 3HATH IIle JedAKi JOZaTKOBi
mmpaBuUJjia, PO AKi BU Ai3HaAeTecd I yac TyIMOIIIOT0 BUBYEHHA XiMii.

MopiBHATU eHeprilo Pi3HUX eNeKTPOHHUX MiAPIBHIB MOXHa 3a AOMOMO-
roto cymy aBox uucen (n+/). Yucno n popiBHIOE HOMEpPY eHepreTUYHOro
piBHA, Ha AKOMY nepebyBatoTb opbiTani, a | — ue umcno, Wo Bignosigae
eHepreTMYyHoMy nigpiBHio (Tvny opbitani). Tak, gna s-opbitanei /=0, gna
p-opb6itanen =1, pna d-op6itanein =2, gna f-op6itanein /= 3. 3rigHo
3 npaBunom KneuykoBCbKOro, MigpiBHI 3aMoOBHIOIOTbLCA efleKTpoHaMK 3a
nopsaaKkom 36inblieHHs cymun (n+/). AKWo Ana ABOX NigpiBHIB LA cyma
O[HAKOBA, TO 3aMOBHIOETLCA TOW MNiApiBEHDb, WO nepebyBae Ha GMKUYOMY
[0 AApa eneKkTPOHHOMY piBHi. Tak, Ana 4s-nigpisHA cyma (n+/) popiBHioe
4+0=4, a gna 3d-nigpiBHA cyma (n+/) popisHioe 3+2 =5. OTXe, eHepria
4s-nigpiBHA MeHLa, HiX Yy 3d-nigpiBHA, TOMY BiH 3amMOBHIOETbCA paHille.
Y Takui cnocié Mo)KHa MOPIBHIOBATW eHeprii Byab-AKMX eHepreTUUHKX
nigpiBHIB.

I[HTenekTyanbHi 3gi6HocTi Mayni 3HaYHO BigpPI3HANMCA Bif NOrO «BMiHHA»
npawvtoBaTy pykamu. Koneru 3a3sryan »apTyBanm CTOCOBHO TAEMHNYOIO
«edekTy Mayni», KON HaBiTb NMoABa HEBUCOKOrO MOBHEHbKOIO HayKOBLA
B nabopaTopii crnpuymHAna BCiNAKi nonomKku 1 aBapil.

»
72 BucHOBKM
-
1. Ha ogHiin op6itani moxe nepebyBaTn He Ginblue HiX ABa enekTpoHu. Op-
6iTani 3anoOBHIOIOTLCA eNeKTPOHaMM 3a MPUHLMMNOM HaMMeHLUIOi eHeprii:
CMOYaTKYy 3aMOBHIOETbCA NEPLUN eHePreTUYHUIA PiBEeHb, NOTIM — APYruin,
TpeTin ToLwo.
2. fKWo Ha OQHOMY eHepreTMYHOMY MiAPIBHI MICTATbCA AeKiNbKa enekTpo-
HiB, TO BOHW PO3MOAINAITLCA TaKUM YMHOM, WOO KinbKiCTb HecnapeHmx
eNeKTPOHIB Byna MakCUManbHoOL.

Q KoHTponbHi 3anuTaHHA

1. CKinbKy eneKTPOHIB MOXe MaKCManbHO nepebyBaTyt Ha OAHIN eNeKTPOH-
Hin op6iTani?



TEMA 1. BY[IOBA ATOMA. MEPIOANYHWIA 3AKOH | MEPIOANYHA CUCTEMA XIMIYHNX ETEMEHTIB

CKiNnbKM eneKkTPOHIB MaKCMManbHO MoXe nepebyBaTM Ha S-MiAPiBHI?
p-nigpiBHi? d-nigpisHi?

KNI eHepreTMYHWI piBEHb 3aMOBHIOETHCA PaHille: NepLnin Yn Apyruin?
BignoBigb MOACHITb.

Yomy B atomi JiTito €NeKTPOoH, WO MICTUTLCA Ha APYroMy enekTpOHHOMY
piBHi, NnepebyBae Ha s-opbiTani, a He Ha p-opbiTani?

AIK po3nofinaTbCca eNeKTPoHM No opbiTansax Ha p-niapiBHI?

CKinbKM eneKTPOHIB MICTUTbCA Ha 30BHILWHbOMY €HepreTMYHOMY PiBHi
aTtomiB: a) lenito; 6) JliTito; B) bepwnito; 1) bopy; o) KapboHy; e) Okcnreny?
CKinbKn eHepreTUYHUX PiBHIB 3allHATO efNleKTpoHaMu B aTtomax: a) Jli-
Tito, Hatpito, Kanito; 6) bepunito, MarHito, Kanbuito; B) ®nyopy, Xnopy,
Bpomy?

3aBfaHHA ONA 3aCBOEHHA MaTepiany

1.

Cknagite rpadiyHy enekTpoHHy ¢opmyny HitporeHy, ®nyopy, MarHito,
AntomiHito Ta Cuniyito. Bu3HauTe KinbKiCTb €1eKTPOHHMX Nap Ta Hecnape-
HUX eNeKTPOHIB Ha 30BHILULHbOMY €HepreTM4yHOMY PiBHi.

3a KifnbKkicTio op6iTanel, WO CKMNagaloTb €HepreTWyHi piBHi, BU3HauTe,
CKiNbKM €NeKTPOHIB MOXe MaKCUMasibHO MICTUTUCA Ha APYroMmy i TPeTbo-
My eHepreTuyHuX PiBHAX.

Ha3BiTb ABa XiMiuHi enemeHTu, B aTOMax AKMX LiIKOM 3anOBHEHI 30BHiLLHI
eHepreTUYHi piBHi.

CKinbKn HecnapeHnx enekTPoHIB B eNeKTPOHHI o6onoHLi atoma Okcure-
Hy? ATOMM AKOrO e XiMiYHOrO eflemeHTa ApPYyroro nepiogy MiCTATb Taky
came KinbKiCTb HeCnapeHnx eneKkTPoHiB?

306pa3iTb 6yaoBY eNeKTPOHHKX 06010HOK aToMmiB HiTporeHy Ta ®ocdopy.
LWo cninbHoro B GynoBi eNeKTPOHHNX OBONOHOK LiMX aTOMIB i UM BOHMU
Bigpi3HAOTbCA?

ATOMW AKUX eNleMEeHTIB MaloTb HaBefeHYy eNleKTPOHHY (pOopMyny 30BHill-
HbOFO €NeKTPOHHOTO piBHA: a) 1s% 6) 2s% B) 2522p*; ) 3s23p%; ) 4s2?
ATOM fAKOro enemeHTa APYroro nepiogy MiCTUTb HaMbinbLly KinbKiCTb:
a) eNleKTPOHIB; 6) HECMAPEHVIX ENIEKTPOHIB; B) €NIEKTPOHHKX Nap?

§ 11. NepiognuHnn 3akoH M. . MeHaeneeBa

MpwurapanTe:

* L0 BULLY BaJNIeHTHICTb efleMeHTiB MOXHa BU3HauuUTK 3a HOMepom rpynu MepiognuHor
cnMcTemMu, y AKIA PO3MILLEHUN eneMeHT;

+ WO BiAPI3HUT MeTan Bif HEMeTany MOXHa, I'PYHTYIOUUCh Ha CMiNbHUX Gi3NYHMX BRac-
TUBOCTAX METaJiB: KOBKICTb, MeTasniuHMI 6/INCK, eNeKTPONPOBIAHICTb, TEMIONPOBIAHICTb TOLWO;

+ K MOXHa BM3HAuUUTK XiMIYHUI XapaKTep okcuaiB (3a § 1);

+ nepuwi cnpobu knacudikalii XiMiyHUX enemeHTIB (3a § 4).
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BiakputTa lNepiognyHoOro 3akoHy

Ha Bigminy Bim cBoix momepemuukiB, I[. I. MeuneneeB 6yB riimboko
IMepeKoOHaHNi B iCHYBaHHI IPUPOSHOI0 B3a€EMO3B’I3KY MisK ycima ximiu-
HUMU eJIeMeHTaMM: AK MisK IMomiOHMMM, Tak 1 Midk HemomiOHHMM.

Y cepenuui XIX croaiTTta MeHaeseeB ImouyaB IpaloBaTu HaJ CBOIM
nigpyuaukoMm «OcHOBH Ximii», a4 uoro HeoOXimHO OyJI0 BUBHAUUTH,
y AKOMY IOPSAAKY OIMCYBATU BJIACTHUBOCTI eJieMeHTiB. 3a OCHOBY CUC-
TemaTrusallii eisemMeHnTiB MeHeseeB oOpaB BiJHOCHY aTOMHY Macy, BBa-
JKalouu, M0 BOHA € T'OJIOBHOIO XapaKTEPUCTUKOI XiMiuHOTO ejeMeHTa,
00 He 3MIiHIOETHLCA B pasdi YTBOPEHHA eJIEMEHTOM IIPOCTOoi abo cKJIamHOI
PEeYOBUHU.

PosramysaBmiu B psAg CMMBOJIM BCiX BiJoMUX Ha TOU Yac XiMiuHUX
eJIeMEeHTiB 3a IOPAIKOM 30iJIbIIIeHHA IXHBOI BiJHOCHOI aTOMHOI MacHu, BiH
TIOMIiTUB, II[0 €JIEMEHTH 3 MOAIOHUMU BJIACTUBOCTAMY (HATIPUKJIAL, JYKHL
eJIeMeHTH) He 3’ ABIAI0ThCA 6e3MocepeIHBO OAUH 3a OTHUM, a IePioguIHO
(peryisgpHO) HOBTOPIOIOTHCSA. BuABMJIOCA, IO TAK CaMO 3aKOHOMIipPHO
(uepe3 TeBHUU iHTepBaJI) TOBTOPIO-
€ThCA XIMIUHMHA XapaKTep CIIOJYK

enemeHnTiB (man. 11.1). Bt BT e sl

IIpoamamisyemo, sKi B3aKOHO- R 3_*,.,_._5;’..@.‘:.;3.:@_,
MipHOCTI MOMXHaA BUABUTU B pasi K. e dosr o
. o A - r .
posTalllyBaHHA €JEeMEeHTIB y pdAng ; .‘;‘.’; ;.3';
Tore ol o
(traba. 4, c. 56-57). % S forr W iy
Y pany ximMiuHHX eJleMeHTiB, Y P R il ol
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IPOCTEXYEThCA IepiofuyYHa 3MiHa “‘gg PP o Y
osnak. Tax, Jlitit yTeopioe mpocty  § ol

pevoBuHYy Metas (Iy:KHUN MeTas).
ITocTymoBO XapaKTep MPOCTUX PEUo-
BUH 3MIiHIOEThCA Ha HeMeTaJIiuHUI.
TakoX TOCTYmOBO B306iJbITyETHCS
BUINlAa BAJEHTHICTb, AKY BUABJIAIOTH
eJeMeHTH, Ta XiMiuHUN XapakTep ix
oxcunay. JIiTiii oKcmMA € OCHOBHUM,
a miTporeu(V) okcug — KHCJIOTHUM

A elom
&v o) .,...P,.. g“
ﬁﬂ Ima_,»,

(Oxcuren, @ayop i Heou He 3maTHi
YTBOPIOBATU OKCUMIHU).

Hani ma mociigoBHicTh y 3Mi-
Hi BJIACTHMBOCTEH pPi3KO 0OPUBAETH-
cdA. 3’ABAAEThCA XIMIiUHUN eJIeMeHT

E nila K Baiomoncs & Tl Spon A
. b & o L ‘.\.___?‘ e

Man. 11.1. Pykonuc nepworo BapiaHTa
MNepioguuHoi cuctemu (1869)
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Taoauna 4. Xapakrep XiMiYHHX eJIeMEHTIB Ta BJIACTHBOCTI

Pan ximiuaux
OsHaka
Li Be B C N (0]
Bignocua aTromua maca 7 9 11 12 14 16
ITopaakoBuii HOMED 3 4 5 6 7 8
XapakTep mpocToi
peYoBUHU L M H H H H
Popmya BUIOro OKCHAY Li,0 | BeO | B,O, | CO, | N,O, | —
Ximiunuii xapaxTep 0 A K K K o
BUILOI'O OKCULY
Ilepiox HMpyruit

VwmosHi nosnavenusa: M — meran; H — memeran; O — ocuéBuuii; K — KuciaoTHmii;

Harpiii, akuit 3a cBOIMU BJIACTUBOCTSAMMU IIOAiOHUI IO MEPIIOTO eJIeMeHTa
pamy — Jlirtiro.

VY momanbIlioMy BJIACTHUBOCTI €JIEMEHTIB 3MiHIOIOThCA B TaKill camiint
TOCJIiAOBHOCTI, 110 # Bix JIiTito mo Diyopy. ¥ pamy MPOCTHUX PEUOBUH Bif-
OyBaeThCA IOCTYIIOBA 3MiHA: BiJi THIIOBOTO MeTaJy (HaTpiro) A0 THUIIOBOTO
HeMmeTasy (xJiopy). CmocrTepiraerbcss TaKOMK 3MiHA CKJIAAy W XapakTepy
BJIACTHUBOCTENM CIIOJIYK, 30KpeMa Iepexin Bix OCHOBHOro HATPiil okcumy
no xkucaoruoro xJyop(VII) oxkcuny.

AmnaJisyrooun 110 IocJaiJoBHiCTh eaeMeHTiB, [l. I. MenngeneeB BusBus,
10 3aJIe’KHICTh BJACTHUBOCTEH XiMIiUHMX €JeMeHTIB i iXHiX CHOJIYK Bifm
aTomMHOI Macu € mepiogumuHoio. 1869 poky Bim chopmyoBaB Ilepiommu-
HUMN 3aKOH.

BrnactmBoCTi XiMiYHNX eleMeHTIB, @ TaKOX YTBOPEHWX HUMM MPOCTUX i CKNag-
‘-. HUX PeYOBUH NepebyBaloTb Y NePioAMYHI 3aNeXKHOCTI Bif BiJHOCHWX aTOM-
HUX Mac efleMeHTiB.

e 9

PosramoByroun BigomMi ejgeMeHTH 3a BiJHOCHOIO aTOMHOIO Macoio,
MeHpesneeB MOMITHUB TPOTHUPIUUA MiK Maco0 i po3MileHHAM ApProHy
i Kaumiro. Bignocua aromua maca Kamiro mopiBuioe 39,1, a Apromy —
39,95.



§ 11. MepioanuHuin 3akoH [. |. MeHgeneeBa

iXHiX CHOJIYK 3aJIeKHO BiJf aTOMHHUX Mac

eJIeMeHTiB

F Ne Na Mg Al Si | S Cl Ar

19 20 23 24 27 28 31 32 35,5 40

9 10 11 12 13 14 15 16 17 18

H H M M M H H H H H

— — | Na,0 | MgO | ALO, | Si0, | P,0, | SO, | CLO, | —

— — (0] O A K K K K —

Tperiit

A — amdorepunil (OKCHU, AKWN BUABJAE IK OCHOBHI, TaK i KMCJIOTHI BJIACTUBOCTI)

SKmio posTamroByBaTH iX 3a 3HAUEHHAM BiTHOCHMX aTOMHHX Mac,
OTPUMAEMO:

XapakTep elemMeHTa

T'pyna IIC | viI | vi | 1 | 11
XimiuHnit eeMeHT | | | Ar | Ca
BignocHa aTomHa Maca | 35,45 | 39,1 | 39,95 | 40,08
Buma BanesTHICTD I VII I | - | II

Hewmeramiuanmii MeTaJuann| IHepTHnH| Meramigyanii

SAxmro K ycymepeu aTOMHMM MacaM IoMiHaTu Micuamm Kauiit Ta
AproH, mpoTupiuusa 3HUKAE:

T'pyna IIC | viI | vIII | | 11

XimiuHuit e1TeMeHT | Cl | | K |

BigzocHa aTomHa Maca | 35,45 | 39,95 | 39,1 | 40,08
Buma BanmeHTHICTE | VII | | I | II
XapakTep ejieMeHTa | Hewmetaniunuii | HepTHI/II/I| MeTaanHm/I| Meraniuauit

Ileit mapamokc i3 «XMOHUM» PO3MIII[eHHAM eJIeMeHTiB OyB ITOACHEHUN
JuIie Ha moyaTKy XX CTOJTTS micasa BiAKpuUTTS OyZoBu atoMa. AJie Ha
TOW MOMEHT, 0e3 3HaHb PO OyIOBY aTroma, e OyB CMiIuBUIl YUYNHOK.
SKmIo Bu yBasKHO poariaHere llepiogmuHy cumcremMy, TO 3HAHWJeTe IIe
IBa NPUKJIAAU TAKOTO BUHSATKOBOIO PO3TAIIyBaHHSA XiMiUHUX eJIeMEeHTiB.
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ITicas BigKpuTTA cKJIamHOI OymoBu aToMma (popmyatoBanusa Ilepiogmu-
HOTO 3aKOHY OyJI0O 3MiHEHO.

. BnactuBocTi XiMivyHMX €/IeMEHTIB, a TaKOX YTBOPEHUX HUMWN PEYOBUH nepe-

U‘-. 6yBa}OTb y I'IepIOﬂI/I'-{HII/I 3aN1€XKHOCTI BI,D, 3apF|}J,IB TXHIX aTOMHKX anep.
MNMouaTkoBe popmynioBaHHA 3akoHy [. |. MeHgeneesa 6yno gewio iHwmm:
«BnactuBocTi mpoctux Tin, a TakoxX Gopma M BNacTMBOCTI CMONyK efe-
MEHTIB MnepebyBaloTb Y MepioAnYHIN 3aneXXHOCTi abo, BUC/IOBNIOYNCH
anrebpaiuHo, yTBOPIOTb NepiognyHy GYHKLi Bif BEIMYMHN aTOMHMX Bar
enemeHTiB». Y TOM Yac 3aMiCTb «PeyoBMHa» FOBOPUAN «Tiflo», @ aTOMHY
Macy Ha3vBanu aTOMHOIO Barot.

Bio pagy enementiB go lNepiognyHoi cnctemu

Psapn ximiuHMX eJleMeHTiB, po3TaIlIoBaHUX 3a 30iJbIIeHHAM iXHiX Bin-
HOCHHMX aTOMHUX Mac, MOKHA PO3TiIUTH HA okpeMi panku. KoxkeH i3 Hux
TOUYMHAETHCA JYKHUM €JIeMEHTOM, a 3aKiHuyeTbcsa — iHepTHuUM. Taki
pAIKu HasuBaioOTh mepiogamu. Ilepiogm, posmiimeni oxwH mixg ogHUM,
YTBOPIOIOTH y:Ke 3Haitiomy BaMm IlepiogmuHy cucreMy XiMiYHUX eJIeMEHTiB
(man. 11.2).

. Pﬂ,q XiMiYHUX €neMeHTIB, PO3TalWloBaHNX 3a NOPAAKOM 36inblIEeHHs iXHiX
‘-. ATOMHMX MacC, WO NMOYMNHAETbCA 3 FmporeHy abo JIY>KHOTO eJieMeHTa i 3a-
KIHLIyETbCﬂ IHepTHI/IM €N1eMEHTOM, Ha3nBaloTb neplo,qom.

XapakTep €JeMeHTIiB Ta BJACTUBOCTi YTBOPEHUX HUMU IIPOCTUX pPe-
YOBUH 1 CHOJYK 3i 30iJbIIIeHHAM aTOMHMX MAac y MepioAi IIOCTYyIIOBO
3MiHIOIOTHCA.

Q Y

10f] 11
Ne|| Na

20
Ca

12]13 | 14
Mg | Al | Si

151617 ] 181 19
P|S|[Cl|Ar| K

= ©

|H|He Li

3 4 5 6 7 8 9 |10
Li [Be | B| C | N[ O] F |Ne
11 |12 |13 |14 | 15| 16 | 17 | 18
Na|Mg| Al |[Si| P | S |Cl]|Ar

19 [ 20

K | Ca
Man. 11.2. Mepuwi 20 enemeHTiB, Po3MmiLieHi B pag 3a 36ifblueHHAM aTOMHOI Macu. Y nepi-
OfMYHI Tabnuui enemeHTV 3 NOAIGHUMU BNACTVBOCTAMU PO3TALLOBYIOTb OAWH Mif OAHUM
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Ilepmuit mepion mMicTUTh JiuIlie 1Ba €JIEMEHTH, APYTHUH 1 TpeTiit — 1o
Bicim. Ili mepiogu HasuBarTh, MaauMu. ¥ HuX Big [imporeny abo Jy:k-
HOTO METAJIIYHOTO eJIeMeHTa [0 iHepTHOTO ejieMeHTa BUIla BaJIEHTHICTh
eJqeMeHTiB mocTynoBo 30inbmyerhea Bix I (y igporeny i sysxkHUX MeTa-
gdiuaux ememeHTiB) go VII (y rajmoresis).

Ha sBigminy Big mepmiux TpbhOX IepioniB, ueTBepTuil i HacTymHI
nepiogu (I’ATUM, ITOCTUM, CHOMUI) MicTATH Mo 18 i OiynbIlle eleMeHTIB,
TOMY IX Ha3WBAIOTh BEJIHMKHMH.

VY BenmuKuUX mepiofax TaKOMK CIIOCTEPiraeThCcsa IMOCTYIOBa 3MiHa BJjac-
TUBOCTeIi. AJje, AKINO B MaJHuX Ilepiogax mepexiJa Big TUIOBOTO MeTa-
JIYHOTO eJieMeHTa OO0 THUIIOBOTO HEeMETAJiUuHOIO ejieMeHTa BimOyBaeThCs
3a ciM eJIeMeHTiB, TO Yy BeJIMKHUX IIepiofax TaKuil caMuil mepexin Bin-
OyBaeTbcsa 3a 17 ab6o 31 emement. ToOGTo y BenumKux Iepiomax 3miHa
BJIACTUBOCTEH BimOyBaeThCs 3HAUHO IIOBiJbHiIIIe: XapaKTep CycimHix
eJIeMEeHTIiB y BeJWKMUX INepiomax BigpisHAeTbCcS 3HAYHO MeEHIINE, HiXK
y CyCimHiX eJIeMeHTiB MaJuX IIepiofmis.

3a nerengoto, MepioanyHy cuctemy MeHaenees nobaums yBi cHi. OgHOro
pa3y MOro 3anuTtanu, YM Le TaK, Ha WO BYeHWW BiAMoBiB: «A Had Helo,
MOXe, BafUATb POKIB [lymMaB, a B/ BBaXKa€Te: CUAIB i panToM... rOTOBOY.

T/'? BNCHOBKM

®
1. XapakTep XiMiYHUX enemMeHTiB Ta BIACTUBOCTI YTBOPEHWX HMMMK CMONyK

nepebyBatloTb Y NEPIOANYHIN 3aneXXHOCTI Bif IXHIX aTOMHKX Mac. YCi Ximiu-
Hi eneMeHTU PO3AINAITb Ha Nepioan, KOXKHUM i3 AKUX MOUYNMHAETbCA NyX-
HUM eneMeHTOM (abo iAporeHoMm) i 3aKiHUYETbCA IHEPTHUM ENIeMEHTOM.

2. Y nepiopi nocnabnoeTbca MeTaniuHUA XapakTep efleMeHTiB i NOCUMIETb-
cA HemeTaniyHun. Tak caMo 3MIHIOIOTbCA | BNAaCTUBOCTI CMONYK efleMeH-
TiB: CMOMYKM efleMeHTIB, WO PO3MillleHi Ha MoyYaTKy nepiogy, BUABAAIOTb
OCHOBHI BNacTMBOCTI, a B KiHLi nepiofly — KWC/OTHI.

O KoHTponbHi 3anuTaHHA

1. HaBepgitb Bigomi Bam dopmyntoBaHHsA epiognyHOro 3akoHy. Y yomy no-
NAra€ iX rofioBHa BiAMIHHICTb?

2. fKi BNacTMBOCTi eNeMeHTIB i IXHIX CMONyK 3MiHIOITbCA MepioaNYHO?

3. LUlo Ha3mBalTb NepiogoM XiMiYHUX enemeHTiB?

4. fki nepiogn Ha3MBalTb Manumnu? Bennknmm? Yomy ix Has3mBalTb came Tak?

5. fIK 3MIHIOETbCA XapaKTep eNeMeHTIB Y BENMKNX Ta Manux nepiogax?

6. Y AKiN YaCTWHI KOXKHOrO Mepiogy PO3MilleHi enemeHTH, Wo Hanexatb [0
POAVH: @) NY>KHUX efIeMeHTIB; 6) ranoreHis; B) iIHEPTHUX elEMEHTIB?

7. [OnAa akmx XiMiYHUX eNeMeHTIB HalxapaKTepHIWVMW € BIACTMBOCTI:
a) meTaniuHi; 6) HemeTaniuHi? HaBegitb Npuknagw.
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3aBAaHHA ONA 3aCBOEHHA MaTtepian
. 3aepanns p piany

1.

3Hangitb y lNepiognyuHin cnctemi enemeHTH, pPo3MmilleHi He 3a 36ibLeH-
HAM BifHOCHOI aTOMHOI Macu. AKi NpoTMpivYA 3'ABNATLCA, AKWO iX PO3-
TalyBaTyh 3riHO 3 aTOMHUMK Macammn? MoACHITb Ui GakTu, 3BaXkaloun Ha
6ynoBYy enekKTPOHHUX 0BONOHOK aTOMIB LIX €neMeHTIB.

fIK 3MiHIOETbCA XapaKTep oKcuAiB enemeHTIB y nepiodi? MNpoinocTpynte
PIBHAHHAMM peakUin BnacTneocTi okcuais JliTito i Kap6oHy. AKi peuoBrHN
YTBOPIOIOTbCA Mif Yac ix B3aEMOIT 3 BOAO?

Cknagitb Gopmynu BULLMX OKCUAIB eNleMeHTIB TPeTboro nepiofy. YKaxitb
XapaKTep Lux Cnonyk (KUCNOTHUIM Y OCHOBHUI) Ta CKNAAiTb PIBHAHHA pe-
aKLii UMX OKCMAiB i3 BOAOIO (AKLLO peakuis BigbyBa€eTbCs).

EnemeHT y lNMepiognyHin cnctemi mae nopagakosBuin Homep 16. Aki BnacTu-
BOCTi BUABNAITb NOro oKCMAW, WO BiANOBIAATb BULLIM i HUXYIA BaneHT-
HOCTAM? Y1 yTBOPIOE Lien eneMeHT fleTKy cnonyky 3 lgporeHom?
MpoaHanizynte micue B MNepioAnyHin cnctemi enemeHTiB, WO YTBOPIOOTb
netki cnonyku 3 lgporeHom (auB. op3say 1). BuaBneHHs AKMX BNacTMBOC-
Ten CBiAUMTb NPO YTBOPEHHA eNeMeHTOM NeTKMX Cnonyk i3 lNgporeHom?
[o kiHusa 60-x pokis XIX cTtoniTta oBa enemeHTn — A i b — BBa<anu gBo-
Ba/leHTHUMU MeTaniyYHMM eneMeHTamn Ta NPUNMUCyBanu iMm HenpaBUsbHi
aTOMHi macu. He 3HanwoBwun ana Hux y MepiognyHin cnctemi micus, wo
Bignosigano 6 ixHim BnacTuBocTaM, MeHaenees 36inbWwyB y niBTopa pasa
3HAYeHHA iIXHIX aTOMHKX Mac i YTOUYHMB BaJIEHTHICTb KOXXHOTO 3 HuX. ToAi
Micue M 3HarwnocA. XnbHi aTOMHi Macy, Wo NpUNUCYBanncs enemeHTam,
6ynu Taki: B enemeHTa A — 61m3bKko 60, a B enemeHTa b — Tpoxm GinbLe
3a 90. 3HangiTb im micue B lepiognuHin cnctemi n Has3BITb Ui eneMeHTn.
Ona ximiuHux enemeHTiB, HaBefeHMX Y Tabnuui 4 Ha c. 56-57, 3anuwitb
€NeKTPOHHY KOHQIrypaLito 30BHIlUHbOrO E€HEePreTMYHOro PiBHA aTOMIB.
MopiBHANTE xapaKkTep 3MiH BNACTUBOCTEN efleMEeHTIB, 3a3HayeHux y Ta-
651U, 3i 3MiHOI By0OBY €NIEKTPOHHKX 0OONOHOK aTOMIB.

BukoHarite HaBuanbHUM NpoekT N 1 «3 icTopii BigkpuTTA lNepiognyHol
CUCTEMU XIMIYHUX €/IeMEHTIB».

§ 12. NepioguyHa cuctema XimiYHMX eNnemMeHTiB

KopoTkuin i goBrn BapiaHT rpadiyHoro nogaHHs
MepiognyHoi cnctemm

I'pyurylouncs Ha Ilepiogmunomy sakowni, II. I. MeHzmelIeeB CTBOPHUB
KJyacu@ikaIio XiMiyHUX eJeMeHTiB, AKYy HasuBaioTh llepioguunoro cuc-
TemMor0. 3a3Buuaii ii mMogalOTh y BUTJIALL TaOJJIUIL.



§ 12. MepiognyHa cuctema XiMibHUX enemeHTiB

1 2
H | He
3 4 5 6 7 8 9 | 10
Li | Be B|[C|N|O]| F |Ne
11 | 12 13|14 | 15|16 | 17 | 18
Na | Mg Al|Si| P | S |Cl|Ar

19 (20|21 (22|23 |24 |25 |26 |27 |28 (29|30 (|31|32|33|34]|35]|36
K |Ca|[Sc|Ti| V |Cr|Mn|Fe |[Co|[Ni|[Cu|Zn|Ga|Ge]| As| Se | Br | Kr
37|38 |39 |40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54
Rb|Sr| Y [Zr [INb|Mo|Te |[Ru|Rh |Pd|Ag | Cd|In [Sn |Sb | Te | I | Xe
55 | 56 |71 | 72 | 73 |74 | 75|76 | 77|78 |79 |80 |81 |82|83|84| 85| 86
Cs [Ba||[Lu |Hf [ Ta| W |Re |Os | Ir | Pt | Au|[Hg | Tl [ Pb | Bi | Po | At | Rn
87 | 88([103|104 (105|106 (107|108 (109(110|111(112|113(114|115|116|117|118
Fr [Ra||Lr | Rf [ Db | Sg | Bh | Hs | Mt | Ds | Rg [Cn [ Nh | Fl | Mc | Lv | Ts | Og

57 | 58 | 59 [ 60 | 61 [ 62 | 63 [ 64 | 65 | 66 | 67 | 68 | 69 | 70
La | Ce | Pr |[Nd [Pm|Sm |Eu |Gd | Tb | Dy | Ho | Er | Tm | Yb
89 |90 (91|92 93|94 95|96 |97 |98 |99 (100|101|102
Ac|Th [Pa| U |[Np|Pu|Am|Cm | Bk | Cf | Es | Fm | Md | No

— MeTaniyvHi enemeHTy, — HaniBMeTasliyHi, — HeMmeTaniuHi

Man. 12.1. Josrum BapiaHT [lepiognyHOI cucTeMmn XiMIYHUX enemeHTIB

Cporomui uacriiiie BUKOPHCTOBYIOTH IBa BapiauTu rpagdidyHoro Imo-
mauHa Ilepiogmumoil cmcremm: KopoTkuii ta mosrumii. II. I. MeHpmeneesn
3/1e0iIbIIION0 BUKOPUCTOBYBAB KOMIIAKTHIIINY KOpOoTKHi BapiaHT Ilepi-
onquuHoi cucremu (nuB. dopsar 1). ¥ HbOMY BeJuKi mepiogu pos3ouTi Ha
IBaA PAIKU, ¥ KOKHOMY 3 SKUX BUIIA BAJEHTHICTL €JeMEHTIiB IIOCIiI0B-
HO 30inbimyerbesa Bim I mo VIII.

SIKIO 'K 3ammcaTu CUMBOJIU €JIEMEHTIB KOXKHOIO IIepiofy B OKpeMUM
PAIOK Tak, 1100 KOKHA IPUPOJHA poauwHa (JIy)KHI ejieMeHTHU, rajoreHu,
iHEepTHI eJleMeHTH) yTBOPIOBajla OKPEeMUN BEPTUKAJIHLHUUA CTOBIYUK, TO
orpumMmaemo moBruii Bapiant Ilepioguunoi cucremu (mas. 12.1). Ieit
BapiaHT OyB 3amporoHoBaHU Anb(ppenom BepHepoMm 3HaUHO mIisHilre @
micaa Bigkputrta Ilepiogmunoro 3axkoHy.

Mpynun enemeHnTiB. fonoBHI N No6iuHI Nigrpynu

Bepruranbni croBnunky Ilepiognunoi cucTeMy Ha3UBaIOTh TPyIIAMM.
Y KopoTKOMYy BapiaHTi cucTeMu HOMEpPHU IPYH II0O3HAUAIOTH PUMCBKUMU
nudpamMu, a KiJIbKicTh I'pyIl AopiBHIOE BochbMu. Homep rpymnu 3asBuyaii

30iraeThcsA 3 BUINOIO BaJIEHTHICTIO XiMiUuHOrO ejeMeHTa.
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[ Tavus] |
F ° °
av El 17
35 2
Br %Mn *Mn
| Br 2 Tc
85 « 75
At 43 TC » Re
[onosHa nigrpyna: ranore- I 53 Mob6iuHa nigrpyna: nepexiaHi
HW — TWUNOBi HeMeTaniuHi 75 Re \ MeTasliuHi enemeHTy;
efleMeHTU; B IXHIX aTomax B iIXHIX aTOMax efleKTpoHamu
eneKTPOHaMK 3aMoBHIOITLCA \ At 85 ‘ 3anoBHTbCA d-opbiTani;
-opbiTani; KoHoirypauis 3o- eNeKkTPOHHA KOoHoirypauis
R,0
BHILLHbOrO €HepreTUYHOro 277 aTomiB d°s?
piBHA aToMmiB s2p°
) 4

Buwa BaneHTHicTb VIl (kpim Dnyopy)

Man. 12.2. Po3nogin enemenTis VIl rpynu 3a nigrpynamm

KoxxkHy rpynmy KOPOTKOTO BapiaHTa IOMiJIAOTh HA ABI miarpymum —
TOJIOBHY 1 moOiuny. ['oJl0BHI migrpymm cKJamaioTh eJIeMEHTH, B aTOMax
AKUX 3aIIOBHIOIOTHCA eJIeKTPOHaMU s- a0o p-opbiTasi, B aToMax ejieMeHTiB
mOOIiYHMX MiATPYI eJIEKTPOHAMU 3alOBHIOIOThHCA d-opbiTadi.

TonmoBHi miArpynm® TaKoMK Ha3WBaoOTh A-rpymamMu, a mobiuni —
B-rpynamu. Hanpukmazn: ®@ayop posmimntenuii y rpyni VIIA, a Manran —
y rpymi VIIB (masn. 12.2). ITo6iuHi migrpynu micTaTh Juile MeTamivmHi
eneMeHTH (X Ha3WMBAIOTH NEPEXiTHUMU METAJTIYHUMU €JIeMEHTaAMU).

Y HmkHiI yacTuHI mepioguuHOl Ta0aMIl PO3MIiIlleHl pogWHM JIaHTa-
HOixmiB i axtmuoixiB. Ile ememeHTH, IO MalOTh OyTH pPO3MilleHi miciasa
Jlanrany (Ne 57) it Aktunito (Ne 89) i Takox Hase:xkatrs go IIIB rpynm.
OmHak po3MillleHHs IIUX eJIEMEHTIiB y Tabauili 3pobuso 6 ii rpoMisgKoro
1 HEe3PYYHOIO, TOMY 3a3BHUall iX BUHOCATH 3a II MeXxi.

Y 6inblIOCTi EBPOMNENCbKNX KpaiH KOPUCTYIOTbCA AOBIMM BapiaHTOM Mepi-
OAVYHOT TabnunLi, y AKOMY umcno rpyn gopisHioe 18. Homepu rpyn y pos-
romy BapiaHTi Tabnuui nosHayaTb apabcbkumu undbpamun. Y foBromy
BapiaHTi roNIOBHUX | NOGIYHMX MiArpyn HEMaE, TaM BOHM YTBOPIOIOTb OKpe-
Mi rpynu, Hanpuknag: rpyna 1 — ny»Hi enemeHTn, rpyna 17 — ranorexu,
rpyna 18 — iHepTHi enemeHTn. EnemeHTV noGiyHKX Nigrpyn po3mileHi
B rpynax Bif 3 po 12. 3BepHiTb yBary, AK CNiBBiAHOCATLCA HOMEpWY rpyn
y Ppi3HUX BapiaHTax nepioguyHoi Tabnuui: HoMep rpynu B KOPOTKOMY
BapiaHTi [OPIBHIOE HOMepYy B AoBromy MiHyc 10.



§ 12. MepiognyHa cuctema XiMibHUX enemeHTiB

BnactmBocTi enemeHTiB y nigrpynax

Ilinrpynu yTBOpeHi esemMeHTaMu 3 IMOAIOHMMU BJIACTUBOCTAMU: PO-
IVHU JY:KHUX Ta iHEPTHUX eJIeMeHTiB, a TaKOo:K rajloreHiB came i cra-
HOBJIATH OKpPeMi migrpynu. BaraTo BiacTuBoCTel eJIeMeHTiB 3aKOHOMiPHO
3MiHIOIOTBCA B MiATpymax 3i 30iJdbIIeHHAM BiJHOCHOI aTOMHOI Macwu.
Y rosoBHUX MmiATrpymax 3i 306iJbIIIEHHAM aTOMHOI Macu IIOCHUJIIOIOTHCS
MeTaJiuHi BJIACTUBOCTiI €JeMEeHTIiB i YyTBOPeHUX HUMU IPOCTUX PEUOBUH,
a HeMerasiuHi — mocJsabaooTheda. Tak, y nigrpymi Kapbony (rosoBHa
miarpyna IV rpynu) Kap6on i Cuiiniii € HemMeTamiyHUMU ejleMeHTaMMU,
T'epmaniii — mamiBmerasiunum, a Cramywm i IlnromMOyMm — MeTadiyHUMMA.

Cx0sKi BJIACTUBOCTI BUSBJIAIOTH JIUIIIE €JEMEHTH, IO HaJIeKaThb 0
onuiel miarpynu. BiacTuBOCTi eeMeHTIiB roJIOBHOI Ta mobiuHOl miarpyn
omHiel rpynu MOMXKYTH icToTHO Bimpisuatucsa. Hampuwraazn, y VII rpymi
€ TajJoreHM — HAWUTHUMOBIII HeMeTaJiuHi esemMeHTH (TOJIOBHA IIiATPYyIIa)
i mepexigui merasiuni enemenTu Maurau, Texwmeriti, Peniii (mo6iuna
migrpymna) (man. 12.2).

Yu € MisK HUMU IT0CH cIribHe? 3a3BUyUail B eJIeMeHTiB OfHiel rpynu
OJHAKOBa BUIIA BAJIEHTHICTh, AKY BOHU BUABJIAITH ¥ cuoiykKax 3 Orcu-
reHOM,— BOHAa JOPiBHIOE HOMEPY TPYIIHU.

Cmosnykm 3 TigporeHoM yTBOPIOIOTH Maii’Ke BCi eieMeHTHU, aje Jiem-
Ki CnoayKu yTBOPIOIOTH JIMINe HeMeTaJiuHi esemeHTH. Taki cmosryKm
€ pedyoBMHAMHU MOJEKYJIApHOI OymoBu. MerasiuHi eeMeHTH He 3IaTHI
YTBOPIOBATU JIETKUX CcHOJYK i3 IizporeHom.

VY cmonykax i3 I'igporenmoM HeMeTaJIiuHi eJIeMEHTU BUSBJIAIOTH CBOIO
HMKUYYy BasieHTHicTh. 11106 i1 BusHaumTu, Tpeba Bim 8 BigmATH HOMED
rpynu. Hanmpuraazn, Xiaop, axuit poamimienuit y VII rpymi, y cmosyii
3 T'igporenom € omHoBasieHTHUM (8 — 7 =1), Tomy opmyJia i€l croay-
ku — HCI. Exement V rpynu ®ochop y cmoayii 3 I'izporemom Tpusa-
nenTHui (8 — 5=3), Tomy (opmyna cnonykm — PH,.

T'pyma IIC I II IIT v \Y% VI VII
Burma BasieHTHICTE I 1I IIT IV A% VI VII
Buuit okcupg R,0 | RO R,045 | RO, | R0, | RO; | R,0O,
Huxua BasIeHTHiCTH v III II I
JleTka crosryka 3 I'imporeHom RH, | RH; | H,R | HR

Jia 3pydHOCTi 3arajbHi (OpMYJIM BUIUX OKCHUIIB i JIETKUX CIIOJYK
iz I'igporernom BuHeceHi B okpeMmi paaku Ilepioguunoi cuctemu (AuB. pop-
sdarm 1). Cuig mam’aratu, mo (GopmMyam JeTKMX CIoayk i3 Iizporemom
CTOCYIOTHCA JINITE HEMETAJIUHUX eJIEMEHTiB.
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JlaTnHCbKe cnoBO elementum BUKOPWCTOBYBANM e CTapOAaBHI ¢inoco-
éun. Y naBHbOPMMCbKOMY BUWC/IOBI 3ayBaxKyBanoca: «fAK cioBa cknaja-
0TbCA 3 OYKB, TaK CaMO 1 Tina — 3 eJIeMeHTiB».

BucHoOBKM

1.

lpadiuHmMm BigobpaxkeHHAM lNepiognuHOro 3akoHy € MepioguuHa cuctema.
HannowwpeHriwvmm € it KOpOTKMIA Ta JOBIMIA BapiaHTX. BOHW Bigpi3HAIOTb-
€A KiNbKIiCTIO pAAKIB, WO BiABeAeHi Ha OAWH nepiod. Y AOBromy BapiaHTi
KOXHUI nepiof 3aiMa€ ofVH PAAOK, a B KOPOTKOMY Mani nepiogn pos-
MillleHi B O4VH PAJOK, a BenuKki — y ABa.

lpyna ximMiyHUX enemeHTiB — Le BepPTUKaNbHUA CTOBNYMK, WO ob'€eqHYye
enemMeHTV 3 MOAIGHMMU BNacTMBOCTAMUK. Y KOPOTKOMY BapiaHTi lepio-
OUYHOI CUCTEMU KOXHA Fpyna po3fineHa Ha rofoBHY Ta nobiuHy. fonos-
Hi Nigrpyny cknagalTbca 3 eNleMeHTIB YCiX nepiogis, a nobiuHi — nuwe
3 efleMeHTIB BeNMKux nepiogdis.

KoHTponbHi 3annTaHHA

1.
2.
3.

4.

Ym po3pi3HAITLCA KOPOTKUI i JOBrvi BapiaHTu MNepiognyHoi cnctemn?
LLlo Ha3mBaloTb Nepiofom, rpynoto, FofIOBHOI i NMobGiyHOI Migrpynoto?
AIK 3MiHIOIOTbCA MeTasiuHi Ta HemMeTaniyHi BMacTUBOCTI eNeMeHTiB y nepio-
dax? y ronoBHux rpynax?

Yomy rpynu eneMeHTiB y KOPOTKOMY BapiaHTi [epiognuHoi cuctemmn Heob-
XiIHO PO34iNsATY HA rOMoOBHI 1 NOGIYHI Nigrpynu?

3aBAaHHA ONA 3aCBOEHHA MaTepiany

1.

Ha3BiTb XimiuHi enemeHTn | rpynu MepiognyHoi cuctemn. AKi 3 HUX Hane-
aTb [0 rONOBHOI Nigrpynu, a AKi — A0 No6iYHOI?

Y yeTBepTOMY nepioAi N'ATIN rpyni ronosHin niarpyni MNepiognyHoi cncrte-
MU po3mieHmia: a) Cunidin; 6) CraHym; B) Apce; 1) CTnbin.

AKi 3 HaBeAeHUX eNeMeHTIB HaNleXaTb [0 rofoBHUX, a AKIi — A0 Mo6iuHMX
nigrpyn: HitporeH, Okcuren, FigporeH, Kynpym, Oepym, AntomiHin?
BusHaute B KOXHOMY HaBefeHOMY pAdY OAMH XiMIYHWUA efleMeHT, Wo Big-
pi3HAETbCA Bif iHWMX 3a micuem y [MepiognuHin cnctemi: a) H, He, Ne, Ar;
6) Fe, Co, Ni, Ar; B) H, Li, Be, B; r) F, Cl, Br, Mn.

AKWI XIMIYHUIA eneMeHT 3a BlacTMBOCTAMM NMofdibHuin ao Cuniuito: a) Ano-
MiHili; 6) ®ocdop; B) fepmaHiit; 1) TutaH? Bignosigb NoOACHITH.

Cknagitb dopmyny BuLoro okcuay Ta dopmyny netkoi cnonyku 3 ligpore-
HOM (AIKLLO BOHA iCHYE) ANA TaKUX efemeHTiB: a) MarHiii; 6) Cuniuin; B) Pe-
Hin; 1) Ocmin; p) Tenyp; e) Pagin.



§ 13. MNepiognuHa cuctema i bynosa enekTPOHHWUX OOONOHOK aTomiB

10.

11.

12.

13.

14.

Y sKOro efiemeHTa CUbHille BUpaXeHi MmeTanivyHi (@bo HemeTaniuHi) Bnac-
TUBOCTI: a) Yy bopy um AntomiHito; 6) B ApceHy um HitporeHy; B) B ApceHy
um CTmb6ito? Bignosigb o6rpyHTYyMTE.

3Hangitb y MepiognyHin cncTemi enemeHT, Wo PO3MILLEHN Y YeTBePTOMY
nepioAi Ta BUABMAE OAHAKOBI BaNeHTHOCTI Y BULLOMY OKCUJi Ta y crionyui
3 ligporeHom.

MNMopAagkoBi Homepu xiMivyHMX enemeHTiB A, b i B fopiBHIOIOTb, BiANOBIAHO,
n,n+2, n+4.

1) AKWO XiMiYHUI enemeHT A — HaWnerwuin rasaoreH, To AKUM XiMiYHUM
enemeHTom 6yne b?

2) AKWO XiMmiuHWIN enemeHT B — iHepTHUN, a b — MeTaniuHuM, TO AKUM
XiMiYHMM enemeHTOM € A?

3) AKwo ximiyHi enemeHTN A i b HanexaTb A0 OAHIEI rpyny, TO AKAM XiMiy-
HUM efieMeHToM € B?

4) Yn MOXyTb NPOCTi peyoBUHW, yTBOPeHi A, b i B, 3a 3BnyanHux ymos
6yTn razamu?

EnemeHTn A i b Hanexatb po | rpynu, a enemeHt B — go VIl rpynu. Cno-
nyka enemeHTiB A i B po3unHHa y Bogi, a cnonyka enemeHTiB b i B mae
6invin Konip i Hepo3UnHHA y BOfi. AKMMMN enleMeHTaMn MOXYTb 6yTun A,
biB?

BusHaute B lNepiognyHin cnctemi enemeHT, EANHUIA OKCUE, AKOFO M€ Bif-
HOCHY MorneKynapHy macy 40 + 1, a BaneHTHICTb He Ginbwy 3a IV. JoBe-
OiTb, WO iCHYE NVlLe OOVH TaKWU eleMeHT.

Buwmin okeng enemeHTa, Wo yTBOPIOE 3 gporeHoM neTky CnonyKy ckna-
ay RH,, mictntb 53,3 % OkcureHy. HasgiTb Lieil enemeHT.

EnemenT, BUWMIA okcnp AKoro signosigae dopmyni RO,, yTBOpIOE crionyky
3 [igporeHom, wo mictnTb 2,47 % ligporeHy. Ha3BiTb Len enemeHT.
BrkoHawTe HaBuanbHMin NPoeKT N2 2 «Dopmu MepiogMyuHoi cnctemn Ximiu-
HUX efleMeHTiB».

§ 13. NepioanuHa cucrema i 6yaoBa eNleKTPOHHUX 06ONIOHOK

aToMmiB

MpurapganTte: cTpykTypy MepiognyHoi cuctemn (3a §12).

KinbKicTb XiMiYHMX eneMeHTIB y nepiogax

Crpykrypa Ilepiogmuuoi cmcTeMu IIOBHICTIO 3yMOBJIeHA IIPUHIU-
naMu OyIOBU eJIeKTPOHHOI 00osioHKU aToMmiB. Ile Ie pas migTBepm:xye
reHianpHicTb [I. I. MengeneeBa, aAxuii crBopuB llepioguuny cucremy,
He MAIUM YABJIEHHSA NMPO eJeKTPOHU Ta CKJIAaAHY OYIOBY €JIEKTPOHHOI

000JIOHKH.



TEMA 1. BY[IOBA ATOMA. MEPIOANYHWIA 3AKOH | MEPIOANYHA CUCTEMA XIMIYHNX ETEMEHTIB

KinbkicTh XiMiUHUX ejIeMeHTiB, III0 MiCTHUTBLCSI B KOKHOMY Iepioni,
BUBHAYAETLCA MICTKICTIO BiITIOBiAHUX eHEePreTUYHUX PiBHIB i migpiBHIB.
3Bakaouy Ha eHepreTUYHi HiApiBHi, IO 3alIOBHIOIOTLCA B XiMiuHHX
eJIeMEeHTiB, MOKHa BU3HAUNTHU KIiJbKiCTh XiMiUHMX eJIeMEHTIiB y IIeB-
HOMY mepiomi:

IIe- | IigpiBHi, 1110 3aII0BHIOIOTE- | MaKcMMAaJIbHA KinpkicTs xiMmiuanx

pi- | caexeKkTpoHamMu B aTOMax | KiJIBKicTh eJIeKTPO- | eIleMeHTiB

ox €JIEMEHTIB I[bOTO Mepioxy HiB HA mApPiBHAX y nepiomi
1 1s (1 opbGiTann) 2 OBa: 1 (H) — 2 (He)
2 2s 2p (4 opbirasri) 8 Bicim: 3 (Li) — 10 (Ne)
3 3s 3p (4 opbirasri) 8 Bicim: 11 (Na) — 18 (Ar)
4 4s 3d 4p (9 opbiTaseii) 18 Bicimuagmars: 19 (K) —

36 (Kr)

Knacndikauia ximiyHMX enemeHTiB

Bu B:xe 3HaeTe, 110 aTOMHi opbiTasi moxisAmTs 3a TMIAMU Ha S, D,
d rta f. Tak camo KjgacupixkyoTs i ximiuni esremeHTH.

Axmoio B aToMax XiMiuHOTO ejieMeHTA OCTAHHIM 3aIOBHIOETHCS
S-IMigpiBeHb, TO TaKi eJleMeHTH HaJeKaThb A0 s-ejaeMeHTiB. ¥ Ilepiogmuniit
CUCTeMi KJIITMHKM 3 TAKMMU ejieMeHTaMHu 3a3Buuail (GapOyioTh y UepBo-
HUU KoJip (auB. ¢opsarr 1). SIKII0 ocTaHHIM 3aIOBHIOETHCSA pP-MiApPiBeHb,
TO TaKi eJleMeHTHU Ha3WBaIOTh p-eJeMeHTaMu (3KOBTHU KoJip). BinnmosingHo,
d-migpiBeHDb 3aIIOBHIOETHCS B d-ejieMeHTiB (CUHiil KoJip), i f-migpiBeHbL —
y f-ememeHTiB (3ejieHUIT KOJIip).

Bu Bike momiTmam, 0 HA KOMKHOMY e€eHEPreTUYHOMY piBHi
€ S-IiapiBeHb, AKWI MaKCHUMAaJbHO MIiCTUTHL OBa €JEKTPOHHU i 3aBKIU
3amoBHIOEThCA mepmuM. Ile 3ymoBiwoe Te, mio Ko:kuuii mepion Ilepio-
OUYHOI CHUCTEeMHU 3aBiKAU IMOUMHAETHCA 3 JBOX S-eJIEMEeHTiB.

ITounHatouu 3 IPYroro eHePreTUYHOTO PiBHA, HAABHUN p-TiJpiBeHb,
AKUN MaKCHUMaJbHO MIiCTUTBH IIIicTh eJaeKTpoHiB. Toik i B KOKHOMY
nepioxi, moumHAOYW 3 APYroro, MICTHUTBCA IO MIiCTHL p-eJIeMEHTiB.
Tak camMo KOMKHUI IIepioJ, MOYMHAIOUN 3 YETBEPTOTO0, MIiCTUTh IO Oe-
CcATHh d-eJIeMeHTiB, a IMOYMHAIUYMU i3 IIOCTOr0 — IIe 10 YOTHUPHAAIATH
f-emeMeHTiB, AKi YTBOPIOIOTH ABi POAUHYU €JIeMEHTIB — JaHTAHOIAMW I aK-
THUHOIAN.
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BynoBa enekTpoHHUX 060NOHOK i rpynu lMNepiognyHoi cuctemun

Posriszemo 0ya0BY €IeKTPOHHUX OOOJOHOK ATOMIB TaKMUX XiMiuHMX
enementiB: Jliti#i, Harpiii, Okcuren ta Cynbdyp. AKIiIo iXx mopiBHATH,
TO MOXKHA II00AUUTH, II[0 B €JIeMEeHTiB OfHiel rpynu monioHa eIeKTPOoHHA
dopmysIa aTOMiB.

B aromax Jlitito i Harpito, posmimienux y nepiriii rpyni Ilepiogumunoi
CHUCTEeMU, Ha B30BHIINTHBOMY PiBHI MIiCTHUTBCA IIO OJHOMY €JIEKTPOHY HAa
s-opbitanax. BigminaicTs aumie B Tomy, 1o B JliTiro 30BHimHIM € apy-
TUli eHepreTUYHU piBeHb, a B Harpito — Tperiii. Tak camo i B aTomiB
Oxkcureny # Cyabpdypy. Ili eremeHTH Hajie;kaTh OO IIOCTOI T'PYHH, TOXK
Ha 30BHIIIHIX PiBHAX y IX aTOMiB IO HIiCTh €JIEKTPOHIB, 10 OJHAKOBO
posmioxineHi mo s- i p-miapiBuax. OTiKe, Ii ABi mapm eJeMeHTIB € eJeK-
TPOHHMMH AHAJOTAMU.

wi oMTT] wve s [T
S p S D
1 1] 2 [t ORI
s p
S 1 1]
S

e 2 16 3IINITITII HEEE
1] 2ﬂ-
S 1 p

Y momepemubomMy maparpadi Bu misHaaucs, 1[0 B Ipynu o0’e€THAHO
ximiuni esemenTu 3 mMomiOHMMU o3HakKaMmu. I I MOAiOHICTH 3yMOBJIEHA
caMe MOJiOHiCTIO OyIOBU €JeKTPOHHOI 00OJIOHKIK aTOMiB.

BynmoBa 30BHIIIHBOTO €JIEKTPOHHOTO PiBHA aTOMiB XiMiYyHNX ejleMeH-
TiB, [0 HaJIEKATHh M0 OAHIiEI migrpymu, € moxionorw (maxn. 13.1, c. 68).

Posnozgisn ereMeHTiB Mo ToJIOBHUX i MOGIUHMX IMiATpyIax TaKkoMK 3Y-
MOBJIEHUH OyJOBOIO €JeKTPOHHUX 000JIOHOK aTomiB. I'osioBHI migrpymnu
YTBOPIOIOTH JIMIIIE S- i p-eJIeMeHTU, B aTOMax AKUX 3aIllOBHIOETHCS 30-
BHIIITHiN eHepTreTUUHUH PiBeHb, a MOGiUHiI miATpynu — Jauiiie d-eJIeMeHTH,
B aToMaX AKUX 3alIOBHIOETHCS IIepPeJOCTaHHil eqekTpouuuii map. OTike,
MPUHIINI 3alIOBHEHHS €JeKTPOHHUX O000JIOHOK aTOMiB eJIeKTPOHAMU II0-
BHiCTIO ImO3HauUaeThcsa Ha CTPYKTypi Ilepiogmumoi cucremmu.
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Man. 13.1. Po3miweHHA enemeHTiB y MepiognyHin cuctemi (AOBrvin BapiaHT) Ta eNeKTPOH-
Ha KoHbirypauia ix aTomis: pAaaKM NO3HAYEHO HOMEPOM EHEepPreTVYHOro PiBHA, WO 3anoB-
HIOETbCA; CTOBMYMKM MO3HaYeHO GOPMYNo MigpiBHA, WO 3aMOBHIOETHCA OCTaHHIM

o3
1.

BucHOBKM

KinbKicTb XiMiYHMX enemeHTiB y KOXHOMY nepiofi 3ymoBieHa 6OynoBoto
€NeKTPOHHOI 060NTIOHKN aToMiB. MNepwwnii Nepiog MoXxe MICTUTK nuLwe ABa
enemMeHTu, Apyrni Ta TPeTin — no BiCiM ToLwO.

3a 6ynoOBOIO eNEKTPOHHMX 0OONTOHOK XiMiUHi eNemMeHTV NOoZINATb Ha s-, p-,
d- Ta f-enemeHTN. KOXXHUI Nepiofl MOYMHAETbCA ABOMA S-€fleMeHTaMm 1 3a-
KIHUYETbCA WICTbMa p-enemeHTamn. Y KOXKHOMY nepiogi, novmHaoum i3 yet-
BEPTOro, MiX s- i p-enieMeHTamuy po3milleHi no 10 d-enemeHTiB. A f-efiemMmeHTU
YyTBOPIOKWTb [ABi POAVHU €neMeHTIB — aKTUHOIAM Ta JNlaHTaHoigw.
Po3nogin enemeHTiB No rpynax TakoX FPYHTYeTbCA Ha OynoBi eneKTpoH-
HOI 060SIOHKM aToMiB. EnemeHTn ofHiei nigrpynu (ronoBHOI Ym NoGiYHOI)
€ eNEeKTPOHHMMW aHanoramu: 6yaoBa 30BHILUHbOrO eIeKTPOHHOIO PiBHA
B LMX efleMeHTiB € nogibHoto.

Q KOHTponbHi 3anuTaHHA

1.

2.

Yomy nepwwnii nepiof MIiCTUTb nuwe ABa XiMiuHi eneMeHTu, a gpyrum —
Bicim? Ynm 3ymoBneHa MicTKicTb nepiogis lNepioguuHoi cnctemn?
KinbKicTb eHepreTMYHMX PIiBHIB, O 3aMOBHIOIOTbCA eNeKTPOHaMu, BMU3Ha-
yaloTb: @) 3a Homepom nepiofy; 6) 3a HOMepoM rpynu; B) 3a NOPAJKOBUM
HOMEepOM enemeHTa.

KinbKicTb enekTpoHiB Ha 30BHILUHbOMY €HepreTMYHOMY PIiBHI BM3HAYaloThb:
a) 3a Homepom nepiofy; 6) 3a HOMepOM rpynu; B) 3a NOPAJKOBMM HOMEPOM.
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AK BM3HAUUTM MaKCMManbHY KiNbKiCTb €NeKTPOHIB, WO MOXKYTb MICTUTLCA
Ha eHepreTMYHOMY PiBHiI?

CKinbKun enieMeHTiB HaneXxutb f0 4YeTBepTOro i woctoro nepioais? Ckinb-
K/ eNneKTPOHIB MOXe MICTUTN YeTBEepPTUN eHepreTUYHUA piBeHb?
MoAcHiTb, Yomy HaTpin i Kanii € eneKTpoHHUMU aHanoramu.

3a AKUM MPVHLUMNOM efleMeHTU NOZINATb Ha s-, p-, d- Ta f-enemeHTn?
Hasepitb nprknagn d-enemeHTiB N'ATOro nepiogy i f-enemeHTiB CbOMOro
nepiogy.

CKinbKu s- i p-enemeHTiB MOXe MICTUTK OAWH nepiog? Bignosiab NoACHITH.
fIK Ha3MBalOTb POANHM XiIMIYHUX €NeMeHTIB, B aTOMaXx AKX OCTaHHIM 3ano-
BHIOETbCA f-nigpiBeHb?

3aBAaHHA AnA 3aCBOEHHA MaTepiany

1.

2.

10.

1.
12.

13.

14.
15.

KN piBeHb CKNafaeTbca nuwe: a) i3 s-nigpiBHA; 6) s- Ta p-nigpiBHiIB;
B) s-, p- Ta d-nigpiBHiB? AK BU Le BU3HAUNIW?

AKi XiMiUHi enemeHTV € eneKTPOHHUMU aHanoramu HitporeHy? 306pasiTb
eNneKTPOHHY GopMyny aToMa OAHOIO 3 HUX.

Y yomy nonArae NpPUHLMNOBA BiAMIHHICTb Yy OyA0OBi eneKTPOHHOI 060N0H-
K1 aTOMiB rONOBHUX i NOGIYHUX Migrpyn?

AKNn eHepreTMYHU MigpiBEHb 3aMOBHIOETbCA eNeKTPOHAMM OCTaHHIM:
a) y s-enemMeHTIB YeTBepTOro nepiofy; 6) p-enemeHTiB M'ATOro nepioay;
B) S-eNeMeHTIiB TPeTbOro nepiogy; r) p-enemeHTiB Apyroro nepiogy?
Ha3BiTb ABa enemeHTU, B aTOMax AKUX KifbKiCTb Map eneKTPOHiB JopiB-
HIOE KiNIbKOCTi HeCrnapeHuX eneKTPOHIB.

3anuLiTe enekTPOHHI popMynm aToMiB enemeHTiB 3 Homepamu 11 i 14.
Ha3BiTb MeTaniyHu Ta HeMeTaniyHU enemMeHTn Apyroro nepiogy, AKi Ha
30BHIWWHbOMY PiBHi MaloTb OfUH HeCnapeHuii eNnekTPoH.

AKNN eHepreTUYHWI piBEHb 3aMOBHIOETbCA €/IeKTPOHAMM B aTOMax ene-
meHTiB N23, 9, 167

Cknagitb rpadiyHy enekTpoHHy Gopmyny enemeHTa 3 NopALKOBMM HOMe-
pom 15. CKnagitTb GopmMynu Oro BULLOFO OKCMAY Ta FigpaTiB LbOro okcu-
Ay. 3a3HauTe XiMiYHMI xapakTep okcuAay Ta rigpartis.

KN enemeHT [pyroro nepiofgy € eneKTPOHHWM aHalioroM efieMeHTa
3 NOPAAKOBUM HOMepom 127

Cknagitb rpadiuHy enekTpoHHy dopmyny atomis Cunidito, bopy Ta AproHy.
ATOMy AKOroO 3 enemMeHTIB BiAMNOBifaE KOXHa 3 HaBeAEeHUX eNIeKTPOHHMX
bopmyn: a) 1522522p3; 6) 1522522p°3s23pS; B) 1522522p53523p04522

ATOMM AKMX efleMEeHTIB MaloTb TakKy Oy[oBY 30BHILUHbOrO €IeKTPOHHOIo
wapy: a) 3s23p'; 6) 3s23p3; B) 3s'; 1) 4522

Lo € cninbHum y 6ynosi atomiB Bepunito, MarHito Ta Kanbuito?

CKiflbkM  efleKTPOHIB MICTUTbCA Ha 30BHILWHbOMY €NeKTPOHHOMY PiBHi
B aTOMiB: a) ApceHy; 6) CraHymy; B) bapito?



§ 14. bypoBa eneKTPOHHNX 06ONOHOK i BNacTUBOCTI
XiMiYHNX enemeHTIB

Mpurapante:

+ MeTaniyHi efleMeHTN yTBOPIOIOTb MNPOCTi PEUYOBUHUN MeTann Ta PeYOBMHW NEePEBAXKHO
3 OCHOBHMMW BNACTUBOCTAMW (OCHOBHI OKCUAW Ta OCHOBMW);

+ HEMeTaniyYHi eNleMeHTM YTBOPIOIOTb HEMETaNN Ta PEYOBUHY MEPeBaXKHO 3 KUCIOT-
HUMW BNACTUBOCTAMU (KMCNOTHI OKCMAM W KWCNOTKM); MeTann akTMBHO pearyloTb
i3 HemeTanamu.

Papiyc atoma

EnexTponHa 000JI0HKA He Mae UiTKOI Mexki, TOMy pajgiyc aToMmiB BuU-
3HAYAIOTh 34 BiICTAHHIO MiK AIpaM¥ PO3TAIIOBAHUX IOPAM aToMiB. Po3-
Mip gapa aToMa HOPiBHAHO 3 PO3MiIpOM aTomMa MidepHHUI, TOMY PO3Mip
aTOMHOTO siipa He BILJIMBAE Ha po3Mmip aromiB (man. 14.1). Pagiyc aTomis
3yMOBJIEHUN KiJILKiCTIO €eHEePTreTUYHUX DPiBHIiB.

Y rosoBHUX MmiArpymax 3i 30iJbIIIEHHAM IIOPSIAKOBOTO HOMEpa eJie-
MeHTa (3BepxXy BHUB3) 30iJbITYyETHCA KiJbKICTh 3aMHATHUX €HEPreTUUHUX
piBHiB. Tomy pajaiyc aTomiB XiMiuHUX ejeMeHTIB OJHi€l rpynu 30iabury-
ersea (man. 14.2).

Po3mipu atoma
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6nm3bko 10719 m
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Pagiyc atomiB 3meHLLyeTbCA

X

Po3smipu agpa
6n13bko 1071 m

Papiyc atomiB 36inbluyeTbca

<

Man. 14.1. Po3mipn agpa Man. 14.2. 3miHa pagiyciB aToMiB XiMiUHNX

HaA3BUYaMHO Marni (y pecATKu €NeMeHTIB: i3 HaBefeHMX aTOMIB HaMbINbWNA pagiyc
TUCAY pasiB MeHLi Bif B aTomis Llesilo (244 nm), a HalMeHWWI I — B aTOMIB
pO3MipiB camoro atoma) lenito (28 nm), 1 nM=10"2m



§ 14. bynoBa eneKTPOHHMX OOONOHOK i BNACTMBOCTI XiMiYHUX eneMeHTiB

B aTromiB xiMmiuHUX ejleMeHTIiB OQHOTO ImepioAy KiJbKiCTh eHepreTuy-
HUX PiBHIiB, 110 3aIIOBHIOIOTHCA, ONHaKoBa. Ile o3Hauae, 110 i pagiyc ix
aToMiB Mae OyTu ogHaAKOBUM. AJie B mepiofi 3i 30i/JbIIeHHAM IIOPSITKO-
BOTO HOMeEpPA XiMiuHOTO eJleMeHTa 3apA] AApa IMIOCTYIOBO 3pocTae. Kiek-
TPOHU 3i 30iJMBbIIIeHHAM 3apany aApa MPUTATYIOTHCSI 10 HbOTO CUJIbHIIIE,
i Tomy B mepioai paagiyc aromiB mocTymoBo 3MeHIIyeTscda (Maj. 14.2).

MNpuynHa iHePTHOCTI IHEPTHUX efieMeHTIB

3HaUu eJeKTPOHHY OyIOBY aToMa, MOKHA MepemdaduTh XapaKTep
XiMiUHUX eJieMeHTiB Ta BjacTuBOCTi ixHiX cmosyk. Ili BimacTmBOCTi BYy-
MOBJIEHi eJIEKTPOHaMMU, IO mepe0yBalOTh Ha 30BHIMIHIX €HEPreTUUHUX
piBHax. Taki e/JeKTPOHM HA3WBAIOTh BAaJEHTHHMH. PO3TrjIsHEeMO BILJIUB
OyI0BU 30BHIIIIHBOIO €JEKTPOHHOI'O PiBHSA Ha XapaKTep eJIeMeHTiB.

Cepen XiMiuHHX eJIeMEHTIB 0COOJIMBY I'PYIly CTAHOBJIATH iHEPTHI eJie-
MeHTH. IX 0COGIMBiCTH IOJATAE B TOMY, IO BOHHU He «IIPATHYTL» YTBO-
poOBaTHU CIOJYKKM. B aTomMiB iHEPTHUX eJeMEHTIB HaA3BHUUYAWHO CTiliKa
eJeKTPOHHA O0OJIOHKA, IO 3yMOBJIOE IX Ximiumy iHepTHicTb. ¥ uYoMy
mossirae mpuunHa ii critikocti? IIlpoaHanisdyiiMo cKJaj 30BHIIITHBOTO €JIeK-
TPOHHOTO PiBHA iHEPTHUX €JEeMEHTiB:

@) ©) @) @)

He Ne Ar Kr

B arowmiB I'esito Ha 30BHINTHBOMY PiBHI MiCTATHCA OBa €JIEKTPOHU.
Ile makcuMaJibHA €MHICTH IEPIIIOT0 €HEePreTUYHOr0 PiBHA, OTKe, B aTo-
miB Tesifo esleKTpoHHA 000JIOHKA IIiJIKOM 3amoBHeHa. B atomiB Heony
eJIeKTPOHHA O0OJIOHKA TAaKOK MICTHUTh MAaKCHUMAaJbHY KiJbKiCTHL eJeK-
TPOHiB — BiciM. Aromu immux imeprHux esemeHTiB (Aprox, Kpumnron
TOII0) HA 30BHIIMHBOMY PiBHI MicTaTh 10 8 eeKTpoHiB. IxHiil 30BHImHIH
eHepreTUYHUN PiBeHb XOoua ¥ He BeCch 3aIllOBHEHUI, ajie Ile BiAIoBimae
3alIOBHEHUM S- Ta p-opbiTansamM Ha 30BHimmHbOMY Inapi. Came mmm i mo-
SACHIOEThCA XiMiuHa iHEPTHICTh IIMX eJIeMEHTiB: BOHU B3araJji He BCTY-
maoTh y XiMiuHiI peakxirii.

Om:xe, aToMu i3 3aBepIIEHUMU €HEPreTUUYHUMU PiBHAMU abo Ha 30-
BHIIITHBOMY PiBHi AKMX MiCTUTHCA BiCiM €JIEKTPOHIB, MAIOTh IIiIBUIIEHY
XiMiuHy CTiHKiCTh.
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MeTaniyHuim i HemeTaniyHMN XapakTep XiMIYHUX eNeMeHTIB

ATtomMu BcCix iHMENX XiMiUHHX eJleMeHTiB MparHyTbh MATH TaKy eJIeK-
TPOHHY O0O0JIOHKY, AK B iHepTHUX ejieMeHTiB. [[Jig 1IbOTO BOHM BTPAdYalTh
a00 TIPUEAHYIOTH €JIeKTPOHU, 1100 iXHA eJeKTpOHHA 000JOHKA cTaja Ta-
KO0, AK B aTOMi HaNOJIMIKUYOr0 iHEePTHOTO ejeMeHTa.

Yrpauamoum um NPUESHYIOUM €JEeKTPOHU, aTOM IIepPeTBOPIOETHCA Ha
3apAIKeHy YaCTUHKY, AKY HasWBalOTh HOHOM. PO3Di3HAIOTH KaTioHHM —
WOHU 3 MO3UTHUBHUM 3apAIOM, i aHIOHM — HEraTWBHO 3apAlKeHi HoHH.

SIKITO eJeKTPOHIB HA B30BHINMTHBOMY
€eHepreTUYHOMY PiBHI MaJjo, TO iX Jeriie

BimgaTu, 1110 XapaKTepHO AJIA MeTaJiuHUX . Hepeamka KiIbKicTb
eJIeMeHTiB. A AKINO eJeKTPOHiB Ha 30- eJIEKTPOHIB Ha 30BHIIII-
BHiIMIHbOMY pPiBHi 06araTo, To Taki aTomu HLOMY piBHIi (3a3Buuaii
OparayTh NPUAHATH €JIeKTPOHU, IO Xa- 1-3) xapaxTepHa mJisA
PaKTepHO AJIA HeMeTaJiuHUX eJeMeHTiB. MeTaNivHIX eJeMeHTiB;

* YOTHPU I OiJbIlle ejekK-
TPOHIB HaA 30BHIMTHBOMY
piBHi xapakTepHa AJd
HeMeTaJiUHUX eJIEMEHTIiB

Aromu Oigpmiocti HeMmeTaJdiuHHX
eJIEMEHTIB MOJKYTh TaKOX 1 BigmaBaTtm
€JIEKTPOHU, aJjie CJiJ] 3a3HAYUTU T'OJIOBHY
BiAMiHHICTB: aTOMH METAJTIiYHUX eJIEMEHTIiB
3IaTHI JIWIIIe BiggaBaTHl €JIeKTPOHU, a He-
MeTaJdiyHMX — i BigmaBatu, i mpuiimaTH.

Posrnsaemo ay:xkHUN edemeHT HaTpili — eJeMeHT IoJIOBHOI IIiATrpyIIu
I rpynu. IIpocra peuoBuHa, yrBopeHa Harpiem,— akTuBHuUii metan. Bu-
COKa XiMiuHa aKTHWBHICTH HATPiI0 MOACHIOETHCA HAABHICTIO B IOr0 aToMax
€IWHOTO BAJIEHTHOTO €JIEKTPOHA, KW BiH JIETKO Bigmae B XiMiuHHMX
peakIiiax. YTpauamouu Ieil eJeKTpoH, aroM HaTpiio mepeTBoproeThCA Ha
IOBUTHUBHO 3apAmxeHuil o Na' 3 eJeKTpoHHOIO (GOPMYIOK iHEPTHOrO
eremenTa Heony:

Q) --0)-@)

Na Nat Ne

Mounr Na* micrarbca y ckiaazxi Beix cmonyk Harpilo, HampuKiIazn
conu ¥ KyxoHHOI coii. Ha Bigmimy Bim aromiB Harpiio, #iorm Hartpiro
xiMiuHO iHepTHI U Mali’Ke HeMIKigIuBi nys opranisamy (mau. 14.3). YBech
Harpiii, mo micturhbess B opramismi sroguuu (6ms3bko 90 r), mepeGysae
caMe y BUTJIANI HOHIiB.



§ 14. bynoBa eneKTPOHHMX OOONOHOK i BNACTMBOCTI XiMiYHUX eneMeHTiB

Man. 14.3. JlyxHi meTanu — niTiiA, HaTpPIN, Kaniin (306pakeHi NiIBOPYY Ha KOXXHOMY
CKNi) — cKnagalTbCa 3 aTOMIB BiANOBIAHUX METaniYHUX efIeMEHTIB i € M'AKUMMK Ta
6MMCKYYMMI PEUYOBMHAMY 3 BUCOKOI PeakLiNHOW 30aTHICTIO. MIOHM LMX NyHUX ene-
MEHTIB, WO MICTATbCA Y CKnadi xnopugis (306paxeHi NnpaBopyu), € XiMIYHO iHEPTHUMMU

Posrnaumemo ramoren ®@ayop — enemeHT VIIA rpynu. Ilpocrta cmo-
JyKa, yTBOopeHa PIyopoM,— aKTUBHUU HeMeTajl. Bucoka Ximiuma ak-
THUBHICTh (PTOPY IOACHIOETHCA THUM, IO B aromax PDiyopy Ha
30BHIIITHBOMY PiBHiI MicTUTBCA ciM ejieKTpoHiB. [0 3aBepIiieHHA piBHA
OpaKye Jullle OJJHOTO eJIeKTPOHA, TOMY s Pryopy XapaKTEepHUM € IIPO-
Imec MPUENHAHHA eJieKTpoHa. Hampukiaasn, atrom Dayopy, TPUETHYIOUN
OIVH eJIEKTPOH, IePeTBOPIETHCA HA WOH F~, 1110 Mae eJeKTpPOHHY (dop-

MyJy iHepTHOro eseMeHTa Heony:
27 23 8

F F- Ne

Posriaremo Kap6or — ememenT IVA rpymu. Moro aroMu Ha 30BHimI-
HBOMY PiBHI MiCTSATH II0 YOTHPHU €JIeKTPOHU. BOHU MOKYTh HAOYTHU €JIeK-
TpoHHOI KoH(irypaiii aroma I'exito, BigmaBIIum 4OTHPHU €JeKTPOHU, abo
eJeKTpoHHOI KoH(piryparlii aroma Heony, MpuiiHABIIN YOTUPHU €JIEKTPOHM:

@)-@) @)= @)-@)

He CcH4 C Cc Ne



TEMA 1. BY[IOBA ATOMA. MEPIOANYHWIA 3AKOH | MEPIOANYHA CUCTEMA XIMIYHNX ETEMEHTIB

Omxe, KapOoH MOKe BUABIATH AK METAJTIUYHUN, TaK 1 HeMeTaaiuHui
xapakTep. Ane Kapbou BigHOCATH 40 HEMETAJIiUHNX €JIeMEeHTIiB, OCKiIbKH
rOJIOBHA O3HAKa HeMeTaJliuHWX eJIeMeHTiB — Ile 3JaTHICTh HPUEIHYBATHU
eJIeKTPOHU, i BOHA IepeBaskae HaJ 3MATHICTIO iX BigmaBaTu.

B aromax mepexigHux ejeMeHTIB (d-ejieMeHTiB) HAa 30BHIIIIHBOMY
€HepreTUYHOMY pPiBHI IIepeBaXKHO MICTUTHCA [OBA €JEKTPOHHU. 3aBIAKU
IbOMY BCi IlepexinHi exeMeHTH € MeTaJdiuHuMu. Yci f-ejsemenTu (poguHN
JAHTAHOIMIB Ta aKTHUHOINIB) TaKoK € Mertaniunumm (maja. 12.1, c. 61).

EnekTponni dopmysnu HOHIB MOXXKHA BU3HAUUTU 34 €JEKTPOHHUMU
dopmMyaaMmu aToMiB, AOZABIIN A0 HUX ab0 BiHABINM Big HMX MOTPiOHY
KiJIBKICTh €JeKTPOHIB.

Hanpukaaj, elekTporHa Gopmysa atoma Jlitito — 1s22s!, a xariona
JliTiro LiT™ — 1s2, mo 36iraeTscsa 3 eaeKTpoHHOIO (popmysoio Ieriro.

Ilig yac yTBOpeHHA aHiOHIB IMpUeIHAHI €JIEKTPOHU 3alMalOTh BiJIbHi
Mmicusa Ha opbitanax. Hanpukaan, popmyna aroma Xiaopy 1s22s522p83s23p°,
a amioma ClI- — 1s522522p63s23p%, mio s36iraeThcsa 3 eIeKTPOHHOIO (GOPMY-
010 Aprony.

3MiHa MeTaniYHuX i HemeTaniYHMX BNacTUBOCTEN

Y pisHux XiMiuHMX eJIeMeHTiB — MeTaJIiuHUX UM HeMeTAJTiuHUX —
pisHa ximiuma akTuBHicTb. Ile TaK0OX 3yMOBJIEHO KiJIbKICTIO BaJIEHTHUX
€JIeKTPOHIB Ha 30BHIITHBOMY €HEPTeTUYHOMY PiBHiI IXHiX aToOMiB.

Enemenrtam I rpynu moTpiOHO BigmaTy ogmH eleKTpoH, a II rpynu —
nBa enexTpoHu. OAWH eJIeKTPOH BigmaTu Jeriie, Hisk aBa. OT:Ke, yuM
OinbIle eJIEKTPOHIB HA 30BHINIHBOMY PiBHi, TMM aToMaM CKJAaJHilIe ix
BigmaBaTu, TOMY 3i 301JBIIEHHAM KiJIbKOCTi €JI€KTPOHIB Ha 30BHIITHHOMY
piBHI (y mepiozmax) mMeTaJliuHi BJIACTUBOCTiI €JIeMEHTIiB IT0OCJIa0JIIOIOTHCA.

Yum Oinbille eJeKTPOHIB OpaKkye M0 3aBepIIeHHS eHEePreTUYHOTO
pPiBHA, TUM CKJAAHIiIIIe aTOMaM iX TPUETHYBATU, TOXK, YNM MEHIIIE eJIeK-
TPOHIB Ha 30BHINNTHHOMY DPiBHi, TMM cJabIIUMU € HEeMeTaJiuHi BJIAaCTH-
BOCTi eJleMeHTiB.

V mepioni 3i 36iJbIIeHHAM IOPSALKOBOIO HOMEpa MeTAJiuHi BJIacTH-
BOCTi €JIEMEHTIB Ta YyTBOPEHUX HUMU IPOCTUX PEUYOBUH MTOCJIAOTIOIOTHCS,
a HeMeTasniuHi — mocuiaoOTheA (Mas. 14.4).

B esemeHTiB onHiel rpynm Ha 30BHIINIHBOMY €HEPreTUYHOMY pPiBHI
€ OJHaKoBa KiJbKicTh eyieKTpoHiB. Hampurmaan, y Jy:KHUX eJIEMEHTiB
B yCix aTOMiB II0 OZHOMY €JIEKTPOHY, ajie BOHM PO3MIiIlleHi Ha pisHUX
piBHaAx: B aromiB Jlitito — Ha apyromy, Hatpito — Ha TpeThOMYy TOIIIO.
Ane uyuM pasi Bim sapa posMillieHi BaJIeHTHI eJeKTPOHUW, TUM MeEHIIIe
BOHU IIPUTATYIOTHCA A0 AApa. 3aBAAKU IIboMY aToMu HaTpiro BTpauarmThb
eJIeKTPOHU Jierine, Hixk atomm JliTiro.
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I'pyna IA IIA IITA
Bynora 30BHiI-
HbOTO €JIEKTPO- st s? s?p!

HHOTO PiBHA

KinxskicTs enex-
TPOHIB Ha 30B- 1 2 3
HiITHBOMY PiBHi

3-ii mepion
XapakTep Mera- Mera- Mera-
xXiMiuHOTO JIUHUP JiYHUA JTiYHAR
eJieMeHTa
. Ke AxTmB- Meran
BaacTtusocrti Ay .
. aKTHUB- HUN
mpocToi .
HUA MeTaJI
pedyoBUHHN
MeTaJI

IVA VA
$2p? s2p3
4 5

Hamis- Hewme-
MeTa-  TaJiu-
JiYHUN HUHA
Heme- Hewme-
TaI TaJ

VIA  VIIA
s2p* s2p5
6 7

Heme- Hewme-
TaJiu- Taiu-
HUIT HUM
Heme- AxTus-
TaJax HU He-
MeTaJI

MeTasriuni BaacTuBOCTI TOCIa0I0I0THCA, HEMETAJIIUHI — IMOCHUIIOIOTHCS

Man. 14.4. 3miHa xapakTepy enemeHTiB 3-ro nepiogy Ta YTBOPEHMX HUMMK MPOCTUX PEYOBUH

Bynora 3oBuim- I'pyma Xapakxrep
HBOTO €JIeKTPOH- VA XimMigHOTO
HOTO PiBHA eJieMeHTa
Hewmeramniu-
2s22p3 ..
HUN
Hewmeramniu-
3s23p3 .
HUN
Hewmeramniu-
4s%4p3 Hui (HamiBMe-
TAJIIYHUN)
Hewmeramiu-
5s25p3 Hui (HamiBMe-
TAJIIYHUN)
6526p3 Meragiunmit

Baxacrusocri
mpocToi
peyoBuHMN

Hewmeran

Hemeran

Hemeran

Hewmeran
(i3 meTamivHUM
6IrICKOM)

Metan

Hewmeramiuni
BJIACTHBOCTI
0CIa6JII0I0Th-
cs, MeTaJiuHi —
MIOCUTIOIOTHCS

Man. 14.5. 3miHa xapakTepy enemeHTiB VA rpynu Ta yTBOPEHUX HUMU MPOCTUX PEYOBMH
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3i 30i/bIIIeHHAM pajiyca aToMa 30BHIIIIHI eJIeKTPOHH JIeTIiie BTpadyaTu,
TOMY METAJIiYHiI BJACTHUBOCTI B I'pyllax HOCUJIIOIOTHCA, a HeMeTaJ iuHi —
mocJiabaTheA. MeTariuHi BJIacCTUBOCTI eJIeMeHTIiB OfHiel miArpynu Haii-
CUJIbHIiIIIe BUPaKeHi B eJIieMeHTiB i3 HaWOiIbIuM pagiycoMm (HaMOiabITUM
HOPAIKOBUM HOMEPOM), a HEMETAJNiuHI — B €JIEMEHTIiB i3 HalMeHIIUM
paziycoMm (HaAIMEHINIMM IOPAAKOBUM HoMepoM) (man. 14.5, c. 75).

Cepen ycix xiMiuHUX eJIeMeHTIB Hali-

AKTHUBHININM MeTAJiUYHUM eJeMeHTOM €

®pannii (ockinbru Ppannit y npupoxi 3i 36impmeHHAM
He TpaIlIsIeTbCA, a AOOYTHUH IITYYHO, TO IIOPAAKOBOr0 HOMEDa:
cepel iCHYHOUHUX eJEeMEeHTiB HalaKTHUB- * Yy Iepiofiax MeTaJsldH1

Himu#i meramiuauii ememeHT — Ilesiit).
A HallakTUBHIIINE HeMeTaTiuHUHA eJie-
MeHT — Diyop.

Ax By Moram mobaumTH, BJIACTHUBOCTI

€JIEMEHTIB Ta IXHiX CIIOJIYK 3yMOBJEHi 0yI0- HOCHITIOIOTLCS, a HeMe-
BOIO €JIEKTPOHHUX 000J0HOK aTomiB. OTike, TamiyEi — mocaabirro-
i mepiogMuHicTh 3MiH IIMX BJIACTHUBOCTEN OThCS

OB’ A3aHa 3 MEePiOAMYHICTIO IIOBTOPIOBAHOCTI

BJIACTUBOCTI IT0CJIa0JII0-
I0ThCSI, a HeMeTaJiuHi —
TIOCUJIOIOTHCH;

* Yy TOJIOBHUX HiArpymnax
MeTaJIiuHi BJIAaCTUBOCTI

eJeKTPOHHOI KoH(piryparmii aTomis.

/.'

BucHOBKM

1.

2.

Pagiyc aTomiB BM3HauYaeTbCA PO3MIPOM efeKTPOHHOI 060NOHKN. Y nepio-
Jax pagiyc aToMiB 3MEeHLWYETbCA, a B rpynax — 36inblUy€eTbCs.
BnacTtmBoCTi enemeHTiB Ta iXHiX CMONYK 3yMOBNeHi 6YAOBOK efleKTPOH-
HUX 060NOHOK aToMiB. MeTaniyHi BNacTMBOCTI BUABMAIOTb MEPEBaKHO
enemMeHTH, B aTOMIB AIKMX Ha 30BHILLHIX PIBHAX MICTUTbCA He Gifblue HiXK
YOTMPU eneKTPOHU. ATOMM HeMeTasiYHUX eNeMeHTIB MIiCTATb Ha 30BHill-
HbOMY PiBHi YOTMPK 1 Gifnbllue eneKTPOHIB.

Y nepiogax MeTaniuHi BNACTMBOCTI ef1eMeHTIB 3i 36iNblLEHHAM NOPALKOBOro
HoMepa MocnabnioTbCA, a B rpynax — MoCcunoTbeA. HemeTaniuHi Bnac-
TUBOCTI, HAaBMaKW, Y Nepiofax rnocunoTbCA, a B rpynax — nocnabnoTbes.

KoHTponbHi 3annuTaHHA

Yum 3ymoBieHi MeTaniuHi Ta HeMeTaniuHi BNacTMBOCTI efleMeHTiB?

fIK BU3HAUUTK KiNbKiCTb BasIeHTHMX €NEKTPOHIB B €NEKTPOHHUX OOONOH-
Kax aToOMiB XiMiYHVX efleMeHTIB rofloBHMX Migrpyn?

Yomy aTomu npuiimaioTb abo BiffaloTb eNeKTPOHU B XiMIUHMX peakLuiax?
Yomy iHepTHi enemeHTV He BCTYMaloTb Y XiMiuHi peakwii?

AKi YaCTVHKM Ha3MBaloTb NOHaMK?

AIK 3MIHIOETbCA CMNa NPUTAraHHA BalleHTHNX eNleKTPOHIB A0 AApa B nepiogi
Ta nigrpyni?



§ 15. XapakTepucTuKka XiMiuHIMX enemeHTiB 3a ixHiM micuem y MepiopunyHiit cuctemi i GyfoBoio aToma

7.

8.

AIK 3MiHI0I0TbCA MeTaniyHi 1 HemeTasliuHi BNacTMBOCTI efleMeHTIB y rpynax
i nepiopax lMNepiognuHoi cnctemu 3i 36inblUEHHAM NOPAAKOBOro Homepa?
YuM NOACHIOTBLCA TaKi 3MiHN?

Yum 3ymosneHun pagiyc atomis? fIK BiH 3MiHIOETbCA B nepiogax i rpynax?

3aBAaHHA ONA 3aCBOEHHA MaTtepian
d 3aepanns p piany

1.

BrnuwiTb i3 HaBefeHOro nepeniky OKPemMo CMMBOJNM: a) aToMiB; 6) KaTio-
HiB; B) aHiOHiB; ) Monekyn.

Na, Na*, O, 0,, 0>, Fe, SO;~, Mg, HNO,, NO;, NH;, NO,,.

3anuwiTb enekTPoHHY KoHbirypadito: a) atoma Xnopy i ioHa Cl~; 6) atoma
MarHito i noHa Mg?*.

CKiflbK1 MPOTOHIB | eNeKTPOHIB MiCTUTb: a) aToM AJlOMiHilo; 6) oH APR*?
ATOM AKOTO eneMeHTa MICTUTb CTifIbKN eNeKTPOHIB, CKiNbKK iX y noHi Na*?
MopisHsiiTe enekTpoHHy 6ygosy ioHis S, CI-, K, Ca?* 3 GygoBoto atoma
Aproy.

CKinbky enekTpoHiB 6paKye A0 3aBepLUEHHSA 30BHILLHbOrO eHepreTMYHoro
piBHA aTomam: a) Okcureny; 6) Xnopy; B) ®ocdopy?

VioH neBHoro enemenTa E2* Ma€ Taky camy eneKTpOHHY GyA0BY, WO i aTOM
AproHy. BusHaute uen enemeHT.

3a MepiognyHO CUCTEMOIO BM3HAUTE MakCUMarbHY KiNbKiCTb eNeKTPOHIB,
AKY MOXe BififjaBaTh Ta NPUERHYBATM B XiMiYHMX peakuiax atom Qocdopy.
YoMy iCTOTHO BiAPI3HAIOTLCA 3@ BNACTUBOCTAMN €NeMEHTU FONOBHUX Mif-
rpyn |'i VIl rpyn? MoAcHiTb BigNoBiab i3 TOUKM 30py 6YAOBU TXHIX €1eKTPOH-
HUX OBONOHOK.

10. Y yomy nonAra€e BiAMIHHICTb €neKTPOHHOI OOONMOHKM oHa Hatpio Big

1.

eneKkTPOHHMX 060M10HOK: a) aToma Hatpito; 6) aToma HeoHy; B) ioHa K*?
Yomy ximiuHi enemeHTn ®nyop i Xnop maloTb nofibHi BnactusocTi?

§ 15. Xapakrepuctuka XimiYyHNX enemeHTiB 3a IXHIiM Micuem
y MepioguuHin cucrtemi n 6ygosolo atoma

Mpurapante:

« 6ygosy [lNepioguuHoi cuctemn (3a § 12);

* 3aNeXHiCTb BNACTUBOCTEN eNeMeHTIB Ta iXHiX cnonyk Bif 6yAoBuM IXHbOT eNeKTPOH-
HOl 06ONOHKM (3a § 14).

3a posmimiennam y Ilepioguuniii cucTeMi Ta eJIeKTPOHHOIO KOHMI-
rypallieo aTroma ejJeMeHTa MOJKHA Hepen0adnTH MOro MeBHi BJIACTUBOCTI
M cxapaKkTepM3yBaTH iX MIOAO iHIMMX XimMiuHuMX eimeMmeHTiB. CxapakTepu-
3yBaTU XiMiUHUNA eJeMeHT MOJKHA 3a HaBEeJeHUM ILIaHOM. PO3TiIgaHeMOo
tioro Ha npukJaani Kapb6ory ta Kanbiito (Tada. 5, c. 78).



TEMA 1. BYJOBA ATOMA. MEPIOANYHNIA 3AKOH |

MEPIOANYHA CUCTEMA XIMIYHWX ENEMEHTIB

Taomauna 5. XapaKkTepuCcTHKA XiMIiYHHX eJIeMeHTiB
(ma mpuxiaani Kapoony Tta Kaasirito)

Kapo6on

Kaapmii

1. Posmimenna B Ilepiognuniii cucremi

ITopaakoBuit Homep — 6; 2-i1 mepiox,
IV rpyna, rososHa migrpymna

ITopsnkoBuii Homep — 20; 4-i1 mepioxn,
II rpyna, rosioBHaA miArpyma; HAJEXKUTD
IO POAVIHY JIY3KHO3E€MeJIbHUX €JIEMEHTIB

2. Bynosa aToma

3apsan aapa +6, aToMu MiCTATH IO

6 mpoTroHiB, 6 HEUTPOHIB, 6 eeKTpPO-
HiB. ElekTpoHHaA 000JI0HKA CKJIama-
€ThCA 3 IBOX €HEPTEeTUYHUX PiBHIiB.
Ha 3oBHimHbOMY piBHI MicTUTBCSA
OoJHAa eJIEKTPOHHA ITapa i 2 HecmapeHi
eJIeKTPOHU. By/1oBa 30BHIIITHBOTO
€JIEKTPOHHOTO PiBHA:

oo 2N [1]1] ]
5 p

Enexrponna popmyna: 1s22s522p2

3apsan aapa +20, aToMHU MiCTATH IO
20 nporowniB, 20 HeliTpoHiB, 20 enek-
TpoHiB. EneKTpornHa 060JI0HKA
CKJIQJAETHCA 3 YUOTUPHOX €HEePTeTUd-
HuXx piBHiB. Ha 30BHimHbOMY piBHI
MiCTHUTBCA OTHA eJIeKTPOHHA Tapa.
Bynosa 30BHIIIHLOTO €JIEKTPOHHOTO
piBHA:

won 4 [ ][] ]]
s p d

EnxexrporHa popmyaa:
1522522p53523pt452

3. XapaKTepHCTUKA

XiMiuHOTO eTeMeHTa

p-Enement, Hemeraniunuii, 1o 3aBep-
IIeHHS eJIeKTPOHHOTO PiBHSA IpuiimMae

s-Enemenr, meraniuuuii, 1 HaOyTTA
eJIEKTPOHHOI KoH(pirypamii atoma ine-

4 €JIEKTPOHUN PTHOTI'O eJIEMEHTa BTpadae 2 €JIEKTPOHU

4. BignocHa aTomHa Maca

12 | 40
5. Buima BaseHTHiCTH Ta hOpPMYyIa BULIOTO OKCHIY
IV; CO, | IT; CaO

6. TigpaT BUIIIOTO OKCHIY Ta Or0 XapakTep

H,COg; xucnora | Ca(OH),; ayr

7. ®opmyaa neTkoi cnoayku 3 I'imporenom

CH, | He yTBOpPIOE

8. ITopiBHAHHA MeTaTiYHNX a00 HEMeTaJiYHUX BJIACTHUBOCTEH i3 BJIaCTUBOCTSI-
MU eJIEMEeHTiB, PO3MIillleHUX MOPA/ y nepioai Ta miarpymi

Merasriuni BracTuBOCTI BUpaskeHi cruib-
Himre, ik y Marwuito ta Ckaugiro, aje
caabrie, Hixk y Kauito Ta CrpoHIiiro

Hewmerasriuni BracTuBocTi BupaskeHi
cuibHiIe, Hixk y Bopy Ta Cuiiro,
aJjie ciabie, Hik y HiTporeny




§ 16. 3HayeHHA [MepiofgMYHOro 3aKOHY

)

7‘@{ BNCHOBKM
-9

AbK cxapakTepusyBaTyl XiMiYHWIA €NeMeHT, OKPIM 3a3HaueHHA NOoro nono-
XeHHs B lNepiognyuHin cuctemi, HeOOXiAHO TakoX BM3HAUWUTK BynoBY oro
aTOMIB Ta XapaKTep CMonyK, AKi BiH yTBOPIOE.

O KoHTponbHi 3anuTaHHA

1.

2.

Big uoro 3anexuTb pagiyc aToma: a) Bif KiNIbKOCTi eHepreTMYHUX PiBHiB;
6) Bif KiNbKOCTi NPOTOHIB; B) Bif KiNIbKOCTi opbiTanein?

Wo cninbHoro B 6yfoBi 30BHIWHbLOT €1eKTPOHHOI 060NOHKM MeTaniuHnX
eNleMeHTIB? HemeTaniyHux?

3aBAaHHA ONA 3aCBOEHHA Martepian
) 3aepanns p piany

1.

2.

6%,

AKNI i3 XIMIYHUX enlemMeHTIB YeTBepTOro nepioay BUABMAE HANCUMbHILLI:
a) MeTaniyHi BNacTMBOCTI; 6) HeMeTaniyHi BNacTMBOCTI?

Ha3BiTb enemeHT ronosHoi nigrpynu IV rpynu, y AKOro HancusibHiwe BU-
pakeHi HemeTaniyHi BNaCcTUBOCTI.

PosTawyiite HaBefeHi CMMBONMM 3a MOPAAKOM MOCUMIIEHHA MeTaNivyHUX
Bnactusoctel enemeHTis: a) Al, Na, Mg; 6) Ca, Ba, Sr.

CxapakTtepu3syiite XimiuHi enemeHTn bepunin, Okcuren, Hatpiii Ta ®ocdop
3a NnaHoMm, HaBefleHUM Yy LboMy naparpadi (tabn. 5).

Tpwn enemenTun A, b Ta B po3miweHi B ogHomy nepiogi. B atomi enemeHTa A
KiIbKiCTb eHepreTMYHNX PIBHIB Y iBa Pa3n MeHLLA, HiX KibKiCTb enekTpo-
HiB Ha 10r0 30BHIiWHbOMY piBHi. EnemeHT b — HamnowwnpeHriwmnn enemeHT
y Npupogj, 3 enemeHToM A BiH YTBOPIOE CMONYKY cknagy Ab,. EnemeHT B
yTBOpPIOE Nyr. Lii enemeHTn yTBOPIOIOTH PEUoBMHY cKnafy B,Ab;. Hassitb
yCi enemMeHTN i CKnagitb GOpPMyNnn peyoBuH, NPO AKi NaeTbes.

Ak B BBaXkaeTe, yomy ligporeH iHOAI PO3TalIOBYOTb OJHOYACHO B Mep-
Win i CbOMiN rpynax KopoTkoro BapiaHTa [MepioguyHoi cuctemm?

§ 16. 3HaveHHA lMepiognYHOro 3akoHy

MNepepbayeHHA HenpaBUbHO BM3HAYEHUX BifHOCHUX aTOMHUX Mac

Biagkpurrta Ilepiogumunoro 3akoHy i crBopeHHsa Ilepiogumunoi cucTeMu
xXiMiuHMX eJeMeHTiB — HaiibijbIllle HJOCATHEeHHSA (QpyHIaMeHTAJIbHOI HAYKU
XIX croairrsa. IlepiognuHicTs 3MiHM BJIACTHUBOCTEH eJIeMeHTiB OyJia Bigzoma
1 1o MenneneeBa. Inesa po3rairyBaTu eJIEMEHTH 34 IMOPSITKOM 30iJbIITeHHA
ixHix aToMHUX Mac OyJa Takok He HOBO0. OgHAK HiKOMY 3 JOCIITHUKIB
1o MenpaeneeBa He BAABAJIOCSA, HABITHL i3 BUKOPMCTAHHAM NEeBHUX 3HAHb
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mpo XimiuHi BiacTmBOCTi, MOOyAyBaTH
crucTeMy IJisI BCiX BioMUX Ha TOUW yac
eneMmenTiB. Hacammepen uepes Te, IO
BJIACTMBOCTI 6araThbox eJeMeHTiB Oyau
BU3HAUYEHI HeIpaBUJIbLHO ab0 He BU3HA-
YeHi B3arasi.

T'emianbHicTh MeHgesaeeBa IIOJIA-
rae B TOMY, ITI[0 BiH mepIIuM moGaumB
y IepiogmYHOCTi 3MiH BJIaCTHUBOCTEN
eJeMeHTIiB (hyHZaMeHTAJbHUNA 3aKOH
IpUPOAM ¥ TIOKJAaB HMOTO0 B OCHOBY
cKJamenoi HuM Tabauii (maa. 16.1).

fpyHTquHCL Ha Ilepiogmunomy
3aKoHi, MeHge/sieeB TakoX BUSABUB,
[0 aTOMHI Macu IIeBHUX eJIeMeH-
TiB OyJuM BUB3HAUEHI HENMPAaBUJIBHO.
Binm mpoBiB umc/IeHHI eKCIIepUMEHTH
3 BUBHAUYEHHA ATOMHUX MacC eJieMeH-
TiB i BUIpaBUB BiJHOCHI aTOMHI Macu
IeAKUX 13 HUX.

Tak, OifbITiCT, HAYKOBIIIB IPUUMAIN BiZHOCHY aTOMHY Macy Bepu-
Jiro 3a 13,5. Aje 3a cyKymHicTIo BaacTuBocTeii Bepuiiii maB 0yTu pos-
mimenu#t y Ilepiogmuniii cucremi misk Jlitiem (BigHOCHA aTomMHa Maca 7)
i Bopom (BimHOcHa atomHa maca 11). Tomy MeHaeneeB 3po0UB BUCHO-
BOK, 1110 Bepuiifi HacmmpaBai Mae BiTHOCHY aTOMHY Macy, IIPOMiKHY MiMK
BiIHOCHMMM aTOMHHMHN MacaMU ITUX eJIeMeHTiB, ToOTO 0Jam3bKo 9. 3ro-
IOM eKCIIepUMeHTaJbHI JOCHiIKeHHS IIiATBEePIUJIN NPaBUIbHICTE TYMKU
. I. Menpnemneena.

Man. 16.1. [. |. MeHgenees
y pobouomy KabiHeTi

MNepepnbayeHHA iCHYBaHHA LWe He BIKPUTUX XiMIYHMX eNeMeHTIB

Bigkputuit 3aKoH npupoau HabyBae HAYKOBOTO 3HAUEHHS JIUIIIE Tics
TOTO, AK MiATBEPIKYETHCA IPAKTUKOI W MOJAJIBIINM PO3BUTKOM HAYKU.
3aKoH Mae He JIMINE TOSICHIOBATU BUSABJEHI (GaKTu, aje I mepemdavaTu
HOBi BigKpuTTsa. [TMO0OKO MepeKOHAHU Y IPaBUJIBHOCTI BiIKPUTOTO HUM
3akony, . I. MeHpeseeB MOKJIaB YMMaJIO 3yCUJIb AJIA HOTO BU3HAHHA.
Bin mokasaB, AK KOpHUCTyBaTHCS 3aKOHOM [JIA IEePEBipKM BiKe BigomMmx
dakTiB i maa mepenbaueHHA HOBUX.

Ha moment Bimkputta Ilepiogumunoro saxoHy OyJo Bimomo Jiumime
63 ximiunui exrementu (mas. 16.2), aje 1meil 3aKOH A03BOJUB MeHIeI€ERBY
nepenbaunTy iCHyBaHHSA HEBiZOMMWX HA TOM Yac eJeMeHTiB.



§ 16. 3HayeHHA [MepiofgMYHOro 3aKOHY

ONHITD CHCTEMbI DAEMENTOBD

ICHOBANMONK LA HX b ATOMHOMD BLOL H XHMHMECKOM b CXONCTOD rad)HWl Hf (Ar — 178’5)
6yne sigkputuin [. Kocte-
Ti=%0 Zr= uu pom i [l. Xeewm 1923 poky
¥=51 M=2919 Ta=I52
Cr=5: Mo= 96 W =86,
Mo=33 Rh=1044 PL=1974
Feesh  Rue=1044 fr=198
Ni=GCo=59 Pl=106s Os=199.
=1 Cu=(isc Ag=108 Hg=2060
Be= 94Mp=24 In=6ir Cd=112

lanin Ga (A, — 69,72)
6yne BigkpuTuin J1. ge byaboa-
paHom 1875 poky

B=11 A1=2742=68 DUF=116 Au=197?

C=12 S$i=202=70 dsn=115 lepmaHin Ge (A, — 72,59)
N=i4d P=31 AS=75 Sh=122 [ -2107 ; y ; .
Goih et e el it 6yne 1B8I,gngITI/II/I K. BiHkne
F=13 C1=3> Br=80 |=127 pom PoKy

Li=7Na=23 K=39 Rb=854 Ci=133 Ti<uD4
Ca=i0_Sr=876 Ba=137 Ph=207
Lk v,

B S R CKaH)J,il?I Sc (A, - 44,956)
Yi=60 Di=95 6yne BigkpuTtun J1. Hinbco-
2n =56 Th=118? HoMm 1879 poky

3 Mruasarest

Man. 16.2. B ogHoMy 3 nepLunx BapiaHTiB Tabnuui MeHaenees NUWKWB BiNbHI MicLa ana
e He BiJOMUX efleMeHTiB i nepenbaumnB ixHi BNACTUBOCTI

Tak, He Oynu Bimomi esemeHTH 3 aroMHUMEU Macamu Bin 65 (IImHK)
mo 75 (Apcen). OgHark 3a 3HaUYeHHAM BUINOI BajieHTHOCTi IluHK — 11€
enemeHT II rpynu (okcupg ZnQO), a Apcen — V rpynu (BUIUH OKCHUJ
As,0;). Mengenees npunycTus, mo mMixk Huakom i ApceHoM MaiTh OyTH
posmilieHi 1ie ABa IMOKM He BifoMi eleMeHTH: OOWH i3 HHUX 3a BJIACTHU-
BOCTAMU Mae OyTu momiOHuM 1m0 AuoMiHiio, a immmii — mo Cwuiimiro.
Biu masBaB ix Exaamtomimiem (To0TO «momiouHmii mo Aurominmiio») i Exa-
cuiainiem («moxioumit mo Cuiiifiro»).

MepenbayeHHA BNAaCTUBOCTEN €NlIeMEHTIB Ta iXHiX CMOnyK

. I. MengeneeB He Jullle TependaymB iCHYBaHHS HeBimoMux eJie-
MEHTiB, ajie I OII1CaB BJIACTUBOCTI AeAKMNX i3 HuX. Barato XTo 3 HAyKOB-
I[iB CIIOYATKY CKENTUYHO CTAaBUJIHCA OO0 TepembaueHb MeHpgeneeBa. Ae
micasA BUABJEHHA MUX €JIEMEHTIB y IIPUPOJi TeHiaJibHA ITPO30PJIUBICTH
MenpgeneeBa omepskaja OJUCKydYe HiATBepAKeHHs. BiaacTuUBOCTI HOBUX
BiIKpUTUX eJeMeHTiB — ix HasBayu [amiem i 'epmaniem — mpakTuduHO
36iryncsa 3 mepepbavenumu MeHIele€BUM BJIACTUBOCTAMYU ExaaatoMimiio
1 Exacuiimniro (taba. 6, c. 82). Ile miarBepauio mpaBuiabHicTh Ilepio-
IUYHOTO 3aKOHY.
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Taoauua 6. IlepexbaueHi ii eKcmepMMEHTAJIbHO BHABJIEHI
BiIactuBocti I'epmaHiro

XapakTepucTuKa
eJIeMeHTa Ta YyTBO-
PeHuX HUM PeYOBHH

Exacumimiii,
nmepexdayeHn it
Menpeneesum 1871 pokry

T'epmaniii,
BiTKpUTHIT
Binkaepom 1886 poky

Bigmocua
aToMHa Maca

Bausesko 72

72,6

BunactupocTi ipo-
CTOI PEUYOBUHU

Cipuii TyromiaBKuii MeTas,
ryctuEa — 671. 5,5 r/cm®

Cipuit TyromiaBKuii MmeTal,
rycruEa — 5,35 r/cm®

kumiaasa 6J1. 90 °C i ryctu-
HOIO0 671. 1,9 r/cM3

XapaKTepucTUKa ®opmyna okcuny — EO,, | ®@opmyna okcuny — GeO,,
OKCHUIY rycruaa — 0u1. 4,7 T/CM?, ryctuaa — 4,7 r/cm3,
OKCHJ Ma€ IIOMipHO OKCHJ] BiTHOBJIIOETHCA
JIETKO BiHOBJIIOBATHUCS 0 MeTaJIy IijJ yac Harpi-
0 MeTay BaHHS B CTPYMEHI BOAHIO
XapaKTepucTuKa Xnopun ECl, mae 6yt TFepmamniit x1opung GeCl,
XJIOPULY PiAMHOIO 3 TEMIIEPaTypoIo | € PiAWHOIO 3 TeMIlepa-

Typoro Kuninaa 83 °C
i rycrunomwo 1,887 r/cm3

[. |. MeHpeneeB BM3Ha4YaB B/IACTUBOCTI MEBHOIO HEBIJOMOrO efleMeHTa AK
cepefHi [O BNACcTMBOCTEN efIeMeHTIB, WO OTouylTb 1noro B [lepiognyHin
cuctemi. Tak, niBopydy i npaBopyy Big [epmaHilo po3miweHi BignosigHO
lanin Ta ApceH, a 3Bepxy i 3HM3y — Cuniuin i CraHym. 3a meTtogom MeH-
[leneeBa, BifHOCHa aTOMHa Maca [epmaHitlo Ma€ [OpiBHIOBAaTU cepefHbo-
My apudMETUYHOMY BiHOCHUX aTOMHMX MacC LUX YOTUPbOX ENEMEHTIB.
OTpumMaHe umcno — 72,85 — 6nm3bKe A0 3HaYeHHA BiAHOCHOI aTOMHOI
Macu lepmatito (72,59).

BiakpuTTA iHepTHMX rasis

CruagHuM «BUIpoOyBaHHAM» mJjd I[lepiofnyHOTO B3aKOHY BUABU-
JocAa BigKpuTTA iHepTHUX rasiB. Ili peuoBumHU MicTAThCA B aTMmocdepi
B He3HAuHiN Kimbkocti. Ilepmum O0yB BuABseHuit aprox. IloBigomienHsa
Ipo OTO HAABHICTH Yy MOBITPi CIIPaBMJIO HA BUEHUX ITPUTOJOMIILJINBE Bpa-
sKeHHs. IloBiTpsa, m1o, 3gaBajsioca 0, TaK PeTeJbHO MOCIiAKeHe, MiCTUTH
HeBimomuit ras! Hamani B moBiTpi Oyjau BusBJIeHI HEOH, KPUIITOH i Kce-
HOH. JlocaifsKeHHA IMMX Tas3iB BUBHAUMJIIO, IO iX MOJEKYJIW OJHOATOMHI.
ImepTHi rasu He pearyBayiu 3 KOIHOIO peuoBuHOI0. Cripobu M00yTH CIIO-
JYKU IHEePTHUX €JIeMEHTIB 3 iHIMUMHU eJeMeHTaMUu He MaJu Pe3yJabTaTiB.




§ 16. 3HayeHHA [MepiofgMYHOro 3aKOHY

Otixe, 3’ABUJINCA €JIEMEHTH 3 HeBU3HAUEHUMM BAJIEHTHOCTAMH, i iM He
oysao micusa B Ilepioguuniii cucremi.

OckinbKu HOBI esemMeHTH Oyam HaA3BUYAWHO XiMiUYHO iHEpTHUMH,
MeHngeneeB moMicTUB iX MidK eJieMEeHTaMU TPYI TaJOTeHIB 1 JyXKHUX
eJeMeHTiB B oKpemy rpymny 3 HomepoMm O (y cyuacuiit Ilepioguuniii cuc-
TeMmi Bouu posmiteni y VIII rpymi). Takum unzom nepioau Ilepioguunoi
CUCTEMU OJIEP)KAJI CBOE JIOTiUHE 3aBEpIIeHHAd.

ExcnepumenTanbHe TiATBEPAKEeHHA 3MiHeHUX MeHIeIeeBUM BiTHOC-
HUX aTOMHUX MacC Ta BiIKPUTTSA eJIeMeHTiB i3 mepembaueHUMU 3asiajie-
Tib BJIACTUBOCTAMU 3YMOBUJIO CBiTOBe Bu3HAHHA IlepiognyHOro 3aKoHY.

Ilepiognunuii 3aKOH BiIKPUB ILJIAX OO0 BUBUEHHA OyZOBM aToMa.
IpyuTylouncs Ha IlepiogMuHOMY 3aKOHi, HAyKOBIL 3MOTJIM OZepPKyBaTH
peuoBUHU 3 Hallepe] 3aJJaHNUMU BJIACTUBOCTAMU, BiJKPUBATU I CUHTE3Y-
BaTU paHile He Bigomi ximiuHi enemenTu. Ilepioguunuil 3aK0OH L0O3BOJIUB
HAYKOBI[AM BUCYBATH 1 MTOBOJUWTHU TilIOTE3UW PO HAPOKEHHS I IIePEeTBO-
peHHA XimiuHmMX eneMeHTiB y BcecsiTi.

« BuBuatoun cknag Hadptn, MeHpenees 3'acyBaB, Wo HabaraTo pauioHanb-
Hille BMKOPUCTOBYBaTK Ti ANnA fO6YyBaHHA LiHHUX OpPraHiYHMX PevyoBUH,
a He 4nA cnantoBaHHA. BiH roBopus, Wo cnanoBati HadTy B Miykax yce
OAHO, WO TOMWTK IX rpoLnma.

MeHpeneeB yBaxaB CKPOMHICTb HaiBepeAMBILLOI AKICTIO IIOANHN i 3a-
BXXAU 6e3 copomy B1OUBaB rpoLli 3 ypsaay. Binoma ictopis npo BiggigyBaH-
Hsi nabopatopii MeHaeneeBa oaHMM Benukmum KHA3em. MeHaenees, o6
3BEPHYTU YBary Ha CKpyTHe CTaHoBWLie nabopaTopii 1 oTpumaTtu rpoLui
Ha AOCNiXeHHA, HaKa3aB 3aBannNTX KOPUAOP YCIIAKMM MOTIOXOM i [O-
WwKammn. KHA3b nepenHABCA npobnemamu nabopaTopii i BUAINUB KOLITU.

JTiogwn, paneki Big Hayku, 3Hanu MeHpen€eBa BUHATKOBO AK «MancTpa
yemMopaHHMX crpap». Y BiNbHMI Yac JMuTpo [BaHOBUY nontobnas nepe-
MAITaTU KHUMKW, KNeITU paMKU AnA MOPTPETiB, BUFOTOBAATU YeMOZaHW.
BiH cam wwrB co6i oasr, OCKiIbKM FOTOBUI YBa)kaB HE3PYUHVM.

[in MeHgeneeBa maB 30BCiM iHwe npi3Buwe — Cokonos. Piv y Tim, wo
BiH OYyB CBALLEHHVKOM, Y POAMHaX AKMX Y Ti yacu 6yno 3aBefeHo paBaTu
CBOIM CMHaM pi3Hi npi3Buwwa. Tomy 6atbko [mMuTpa IBaHOBMYA OTprMaB
npi3suLLe CyCifHiX NOMILLMKIB.

% BUCHOBKM

e-?
MepioanyHMi 3aKoH — dyHOAMEHTaNbHUIA 3aKOH NPUPOAMK, WO JO3BONAE

NOSAICHUTU 1 nepep,6au|/|TV| BMACTUBOCTI XIMIYHMX enemMeHTIB Ta YTBOPEHUX
HUMIK CNOJNTYK.
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Q KOHTponbHi 3anuTaHHA

1.

3.

I

1.

8%,

OnuwiTh HaykoBe 3HauyeHHA [epioguyHoro 3akoHy. Yomy cnpobu Knacu-
oikauii XimiuHMX enemeHTiB, 3po6neHi 4O MeHAeNEEBA, HE MOXHa BBa)aTu
byHOaMeHTanbHUMK 3aKoHaMK npupoam?

AKMM unHOM [epiognyHNiA 3aKOH [03BONAE NependtaunTn BAaCTUBOCTI
XiMiYHMX eneMeHTiB Ta yTBOPEHMX HUMK XiMiuHMX crnonyk? HaBegiTb KOH-
KpeTHi npuknagu.

MoAcHiITb, YoMy BiKPUTTA IHEPTHMX ra3iB NOCTaBUNIO Mif CYMHIB CnpaBse-
nuBICTb NepiognyHOro 3aKkoHy.

3aBpaHHA ANA 3aCBOEHHA MaTtepiany

3a MepioAMYHMUM 3aKOHOM OBYMCHITb 3HAUEHHSA BIAHOCHWX aTOMHMX Mac
lanito i Ceneny. MopiBHANTE OTpPUMaHi AaHi 3 HaBegeHUMN B [epioAnyHiIn
CUCTEMI XiMIYHUX enemMeHTiB.

Cknagitb dopmynu crnonyk i3 Xnopom TUX enemeHTiB, iCHYBaHHA AKUX
6yno nepepbayeHo [. I. MeHpeneesum (N2 21, 31, 32).

Ha3BiTb BifOMi Bam MPOCTi PeYOBUHYW, MONEKYNM AKUX y rasonogioHomy
CTaHi €: a) 0IHOAaTOMHUMU; 6) BOATOMHUMM.

MoACHITb Ha KOHKPEeTHMX NpUKNagax, Ak MoXKHa nepepbdaunT XxapakTep
enemeHTa Ta i3MYHi N XiMiYHi BRACTUBOCTI MOFO CMOMAYK, IPYHTYIOUMUCH
Ha lNepiogn4yHOMY 3aKOHi.

AIKi nopylweHHA B 3aKOHOMIPHIll 3MiHi BNMacTMBOCTEN efleMeHTIB ApYyroro
nepiogy BMHUKATUMYTb, AKWO enemMeHT bepunin nomictuth 3rigHo 3 1oro
KOJMMLWHIM (MOMUNTKOBUM) 3HAaUYE€HHAM BiAHOCHOI aTOMHOI macu (13,5)?
XimiuHi enemenTn A, b i B Hanexatb fo ronosHux nigrpyn I, IV i VI rpyn
BianoBigHo. XiMmiuHi enemeHTn A i b HanexaTb O OQHOroO Nepiogy 1 yTBO-
plo0Tb OAMH 3 OAHMM [ABi CMONyKW: OfHA 3JaTHa ropitv, a iHwa — Hi.
Crnonyku LuMx TPpbOX eneMeHTIB MOLIMPeHi B NPUPOAI M 3aCTOCOBYOTbLCA
y BUPOGHULTBI ByfiBenbHMX mMaTepianiB. Ha3BiTb Ui enemeHTw.

BusHaute B [MepioanuHin cuctemi enemeHT, BUWNIN OKCUL AKOTO Ma€ Ba-
NEHTHICTb He Ginbly 3a IV Ta BigHOCHY MoneKkynAapHy macy (i3 TOuHicTio
[0 ofnHuL): a) 94; 6) 102. [loBepiTb, Wo iCHYE Nulle ofHa NpaBuibHa Bifa-
NoBifb Y KOXHOMY BUMNAAKY.

fIK BM BBa)a€Te, UM 3MOXKYTb HayKOBLi BUABUTM HOBI XiMiUYHi enemeHTy,
O MaloTb MICTUTMCA Y BOCbMOMY nepiofi? CKinbKu, Ha Bally AYMKY, MOXe
BCbOrO iCHyBaTU XiMiYHMX eneMeHTiB? 3HanAiTb y AOLAATKOBMX [Kepenax
BifoMoCTi, AKi 6 foBoAMNM Bally AYMKY.

BukoHarnTe HaBuanbHi NpoekTn: N2 3 «XimiuHi enemeHTM B niTepaTypHUX
TBOpax» Ta N2 4 «LlikaBi icTopuuHi GpakTn 3 BigKPUTTA | MOXOLXKEHHSA Ha3B
XiMIYHUX efleMeHTiB».

ITepegipme ce6oi snannsa 3a memor «Bydoea amoma. Ilepioduunui
3axon i Ilepioduuna cucmema XiMiYHUX eleMeHMi6».



TEMA 2. XIMIMHUI 3B’A30K
| BYAOBA PEHOBUHU

Y ubomy po3gini BM gisHaeTecs...

+ AK aTOMW CMONYyYalnTbCA B MOJEKYi;

¢ YOMY He BCi aTOMU BiALWTOBXYIOTbCA OAVH Bif OAHOrO;
*  YMM BigpPI3HAIOTLCA 3B'A3KN MiXK Pi3HUMN aTOMamu;

+ 4K 3'€gHaHi Mi>K CO60I0 aTOMM B KYXOHHII coni;

« fAK NobyfoBaHi TBEPAi peYoBUHY;

+ WO B KpuUCTanax € rpatkuy;

« 5K OyZoBa PeUYOBMHU MO3HAYAETHCA HA 1T BNACTMBOCTAX.

§ 17. NMpupopga ximiuHOro 3B'A3KYy

Mpurapante:
* BM3HAYEHHA eneKkTPOoHHUX Gpopmyn atomis (3a § 10);
+ MPUYUHY CTINKOCTI aTOMiB iHEPTHUX enemeHTiB (3a § 14).

EnekTpoHHa npupopaa 3B'A3Ky

Maii:ke nBicTi pOKiB TOMYy HAayKOBIAMU OYJIO BBEIEHO IOHATTSA IIPO
BaJIEHTHICTH K 3JaTHICTH aTOMiB CIIOJIydaTHCs 3 iHImIIMM atromamu. Ha-
nopurJjgan, aromu [igporeHy 3aB:KIu ONHOBaJIeHTHi, a OKcureny — IBO-
BasleHTHi. | pyHTYIOUNCH Ha IIUX JaHWUX, IOYAJN 300pasKyBaTH CTPYKTYpPHIi
dopmyan MoJeKyJs y TaKuii crocio6:

H, 0, H,0

H-H 0=0 7N
H H

VYV nux popmysax pucouKaMu MO3HAUYEHI XiMiuHi 3B’ A3KU, II[0 iCHYIOTH
Mixk aromamu. AJjie 1m0 € Ximiunum 3B’sa3kom? Jluime micas BigkpuTTa
eJeKTpOoHAa aHTJIilicbKuM (isukoMm [:xozedom Tomcornom 1897 pory Oyio
BUCJIOBJIEHO IIPUIIYIIEHHS, IM0 XiMiuHi 3B’A3KM MAalOTh €JIeKTPOHHY IIPU-
pony ii YyTBOPIOIOTHCS 3aBAAKK 3MIIEHHIO a00 IePeHEeCEeHHIO eJIeKTPOHIiB
Bim omHoro aroma jmo iummoro. Ilisuirie BusiBUJIOCH, IO IIs Trimoresa OyJja
MIPaBUJIBLHOIO.

AToM, AK BU BiKe 3HAETE, CKJAJAE€ThCA 3 IO3UTUBHO 3apPANKEHOTO
Aapa ¥ HEeTaTWBHO 3apAMKeHUX eJIeKTpoHiB. Halmpocrimwuii atom —
arom I'igporeHy — MicTuThb JHIlle OOWH eJNeKTPOH, AKUHN mepebyBae
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Man. 17.1. Tlig yac yTBOpeHHsA
XiMIYHOTO 3B'A3KY eNIeKTPOHHI
opb6itani atomis ligporeHy
nepeKkpmBalTbCA

Ha IepIioMy eHepretTuuyHomy pisHi. Ilix
yac 30JMKeHHs IBoX aToMiB imporeny
AIPO OTHOTO 3 HUX IIPUTATYE €JIEKTPOH
igmroro aroma i maBmaku. Mixk aTtoma-
MU BUHUKAE B3a€MOJid, i BigcTaHb MixK
HUMU 3MEHIIYETLCA OOTH, IIOKM B3a-
€MHe TPUTATaHHS He BPiBHOBAMKUTBLCS
BiIIIITOBXYBAaHHAM JIBOX IIOBUTHUBHO 3a-
pALKeHUX anep. ¥ MOJIEKYJIi BOIHIO,
[0 YTBOPUJIACHA, €JeKTPOHHA TI'yCTHUHA
(imoBipHe MicIiie mepeOyBaHHS €JIeKTPO-

HiB) y IIPOCTOPi MiK AApaMM BUABIAETHCA ITiABUINEHOIO 3aBAAKUN mepe-
KpuBaHHIO opbiTasneii aromiB I'izporeny (mai. 17.1).

[ ]
\;
&

XimiuHUI 3B'A30K — L& B3aEMOZifl aTOMIB, O 3yMOBJIIOE CTiMKiCTb 6araTo-
® aromHuX vacTUHOK (Monekyn, NOHIB, KpUCTanis).

YV pasi yTBOopeHHs XimMiuHOTO 3B’A3KYy MisK aToMaMW eHepris MmoJie-
KyJau HUKUYA 3a eHepriio oKpeMux aTomiB (maJ. 17.2), a mpartLeHHsS 10
3MEeHIIIeHHA eHepril — e Aifoua cuja O0yab-IKUX B3AEMOJil. SMEHIIIeHHA
eHeprii MOJIeKyJu IOPiBHAHO 3 €HEepPriel0 OKpPeMHUX aTOMiB — NOpUUYMHA

YTBOPEHHSA XiMiuHOTO 3B’A3KY.

EHepria —>

74 nm
BigctaHb mix atomamun —»>

Man. 17.2. 3anexHicTb eHeprii aTomis
ligporeHy nig yac yTBOpeHHA Mone-
Kynv BOAHIO Bifj BiACTaHi MK Agpammn
aTOMIiB: 3a MaKCMMaNbHOI B3aEMOAIT
aToMmiB (YTBOpEHHA XiMiYHOro 3B'A3KY)
eHeprifa 3MeHLYETbCA [0 MiHIMyMYy,
Tnm=10"m

YMOBU BUHUKHEHHSA XiMiYHOro
3B'A3KY

He Bci aToMum MOMXKYTBH B3aeMoO-
migtu Mmixk coboro. Tpamasernocs Tak,
10 B pasi 30JIM)KeHHS OesdIKUX aTOMiB
i mepeKpuUBaHHA IXHIiX eJIEKTPOHHUX
opbiTayeil MoJieKyJa He YTBOPIOETHCS.
Hanpukaazn, akmio asa aromu I'esrito Ha-
OMIKAIOTHCA OJUH IO OJHOTO, TO MOJIe-
Kyna He, yrBopurucs He MosKe.

YMOoBUM BUHHKHEHHA XiMiuHOTrO
3B’A3KY BUBHAUMB aMEPUKAHCHKUN Xi-
mik Ixunbepr JIpioic, asxuit 1916 poxy
3aIIPOIIOHYBAaB €JEeKTPOHHY Teopiro Xi-
miumoro 3B’a3Ky. 1la Teopis I'pyHTYeETh-
cA HaA YABJEHHI PO Te, IO eJEeKTPOHHI
000JIOHKW aTOMiB iHEPTHUX eJIeMeHTIiB
Bil3HAYAIOTLECA OCOOJMBOIO CTiHMKicTIO,



§ 17. MNMpupoga XiMiYHOro 3B'A3KY

AMepuKaHCbKMI i3MKo-XiMiK, mpaLioBaB y ra-
ny3i enekTpoximii, TEPMOAUHAMIKM 1 TEOPETUYHOI
ximii. Hapogueca B M. BenmyT Henoganik Big bocto-
Ha. Y 14 pokis BCTynvB Ao YHiBepcuTeTy Hebpacka,
a yepes Tpm poku nepesiBcA B lapBapa. 13 26 po-
KiB BUKnagas y lapsapgi, Kembpuaxi. Y 39 pokis
CTaB feKkaHOM XimiuHoro ¢akynbTeTy B YHiBepcuTeTi
bepkni. 1916 poky Jlbloic BUCYHYB ifelo, WO XiMiy-
HAM 3B'A30K YTBOPIOETbCA 3aBAAKW CMiMbHIA Mapi
€/IeKTPOHIB, @ TAaKOX LIO 30BHILLHI eNeKTPOHHUI
Wap MICTUTb BiCiM €IEKTPOHIB (Xx0Ya TEPMIH «OKTET»

. I>xun6ept HbloTOH
Hikonn He BXMBaB). 1932 poKy cdopmynioBaB Teo- TNbioic (1875-1946)

Pit0 KUCMOT i OCHOB. Yneplue BUAIMUB YNCTY «Bax-

Ky Bogy». Jlbloica Ha3vBalTb OAHMM i3 HamBugaTHiWKX ¢isnko-ximikia CLUA.
Cepep 1ioro yuHiB — 289 fokTopiB Hayk i 20 naypeatis Hobeniscbkoi npemir,
Xoua iomy camomy oTpumaTi HobeniBcbKy npemito Tak i He cyaunocs.

Y1M i IIOSICHIOEThCA IX XimiuHa iHepTHicTh. ATOMU BCiX iHIINX eIeMeHTiB
[y yac yTBOPEHH:A XiMiuHOTO 3B’ABKY IIPArHyTh SMiHUTHU €JI€KTPOHHY 000-
JIOHKY I0 KOHQirypairii aroma HaiOJMKYOTO iIHEPTHOTO eJleMeHTa, Bijgato-
uyy ab0 MPUENHYIOUN eJeKTPOHU. Jluie B TaKOMY BUIIAAKY YTBOPIOIOTHCS
critiki mosekysnu. Ile TBepA:KeHHSA HA3WBAIOTH HMPABHJIOM OKTeTy JIpkoica
(Biz TaTMHCHKOTO CJI0BA OKMO — BiciM), OCKiJIBKM aTOMU BCiX iHEPTHHUX eJjie-
MeHTiB (KpiM I'esrito) MicTATH HA BOBHIITHBOMY PiBHI IIO BiCiM eJIEKTDOHIB.

Orixe, sposymisno, yomy monexkyna H, crilika, a momekynu He, ne
icuye. Ile moB’s3aH0 3 TUM, 1110 aTomy ['igporexy J0 3aBepIleHHs 30BHIIII-
HBOT'O DiBHA Opakye OogHOTO ejieKTpoHa. Ilix yac yTBOpeHHA MOJIEKYJIH
H, emexTponm ABOX aTomiB 00’€JHYIOTBCA, i eJeKTPOHHA KOHOIrypamis
KOJKHOTO aToMa JIOTMOBHIOETHCA 10 KoH(piryparii aroma enito. A B aTomi
Tenito 30BHIIIHIA eHepreTUYHWII PiBEeHb YiKe 3aIllOBHEHUI, TOXK aTOMYy
IPOCTO He MOTPiOHI «3aiiBi» eJIeKTPOHH.

Tvinn ximiyHoro 3B'A3KYy

Y peuoBMHAX PO3Pi3HAIOTH AeKiabKa THUIB XimMiuHOoro 3B’ sA3Ky. ¥Yci
BOHU YTBOPIOIOTHCA 3aBAAKHN yCYCIiJbHEHHIO ab0 Ilepemadi eIeKTpPOHiB,
ajie Mi’K TUIaMU 3B’ SA3KY iCHYIOTH CYTTEBL BiAMiHHOCTI. 3ajie;XHo Big BULy
aTOMiB, IO CIIOJIyYalOThCS, MOYKYTb YTBOPIOBATHCSA Pi3HiI TmMnm 3B’sA3KY,
ajie MOJKHA CTBEPI KYBATH, II[0 B yCiX MeTaJjiaX iCHye MeTaJiuHuii 3B’ A30K.
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Y 8 kiaci Bu osHalioMuTecd 3 KOBAJEHTHHM Ta HOHHUM 3B’ sA3KaMU,
a 1HIII BUBUATHUMeETEe y CTapIINX KJacax.

Cxema 2. Tunu xiMiguHOTO 3B’A3KY

| XiMiyHUI 3B'A30K |
[

v ' ! Y

KoBaneHTHUM" MoHHMI MeTaniyHun BoaHeBun
3a3Buyait icHye Mix 3a3Buvan icHye IcHye B meTanax Ta ix CknagHWm TMn B3aEmo-
aToMaMu HemeTaniy-  y crosiykax, yTsope- cnnasax Aii. IcHye, 30Kkpema,
HUX eNnemMeHTiB HVX aTOMaMn MeTaniy- MiX MOsieKynamu Boam

HVX Ta HeMeTaniYHnx
efleMeHTIB

3a3Buyan icHye Mix
HenonapHuin | atomamu ogHakoBux

HemeTaniyHuX enemMeHTiB

3a3Buyan icHye Mix

MonAapHun aToMamMu Pi3HUX
HemeTaniyHnX enemeHTIB

Mepwa cTatTa, onybnikoBaHa Jlbwicom 1916 poky 3 Teopii XimiuHOro
3B'A3KY, MICTUA Ha TOW Yac PeBOMIOLINHI ifel, a CbOrodHi Le BMBYalOTb
Yy WKiNbHOMY Kypci XiMii. Ane CyYacHUKM He 3MOrn OUiHUTK poboTy Jlbio-
ica. Yepe3 Tpu poKM Ha Hei 3BepHyB yBary Bigomuii ¢i3uk JleHrmop, AKNUiA
[JOMNOBHMB Teopito JIbloica NPO KOBaNEHTHUIN | NOHHWI 3B'A3KN. ABTOpPUTET
JleHrmIopa Ha ToW Yac 6YB HaCTINbKN BEJIMKWNA, WO AOMY MUMOBOJI Oyna
npunmncaHa ciaBa CTBOPEHHA Teopil XimiuHoro 38'A3Ky. CborofHi cnpaseq-
NVBICTb BIOHOB/EHA, i 3aCHOBHUKOM L€l Teopil BBakatoTb JIbtoica.

/.'

i BucHoBKnM

-

1. XimiyHWI 3B'A30K Ma€ eNeKTPOHHY Npupoay " peanisyeTbCA 3aBAAKN NpU-
TArYBaHHIO €NeKTPOHIB OQHOro atoMa [0 AfApa iHWOro aToma.

2. XimMiyHWUA 3B'A30K YTBOPIOIOTb Ti aTOMK, €NeKTPOHHa KoHdirypauis AKmx
BiPi3HAETLCA Bif KOHOIrypauii aTomis iHepTHUX enemeHTiB. ig yac yTBO-
peHHsA 3B'A3KY aTOMM yCyCrinbHIOOTL ab0 Nepepo3noAinATb enekTPOoHY,
Wob HabyTu eneKTPOHHOI KOH®Irypauii aTomiB HanbaMKUYoro iHepTHOro
enemeHTa.

KoHTponbHi 3annuTaHHA
1. Yomy KinbKicTb BigOMUX MoOneKyn HabaraTo MepeBULLYE KiSIbKiCTb iCHYI0-
4mx XiMiYHUX efleMeHTiB?
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3a yyacTo AKMX YaCTUHOK YTBOPIOETbCA XiMiUHMI 3B'A30K?

AIKi B3aemogii icHyl0Tb y MoneKyni BOAHI0? fIK BOHW 3MIHIOITbCA 3aneXXHO
Bifl BifCTaHi Mi>k AgpamMn aTomis?

[anTte BU3HaYEHHA XiMIYHOMY 3B'A3KY. 3aBAAKN YOMY BiH YyTBOPIOETbCA?
YoMy OfiHi aTOMK B3aEMOfiOTb OAUH 3 OOHWM, @ iHWi — Hi?

AKi iCHYIOTb TMNK XiMiYHOTO 3B'A3KY?

3a AKMM MPaBUJIOM MOXKHA BU3HAUMTX aTOMWU, WO 3AaTHI yTBOPUTK XiMiu-
HWI 3B'A30K?

3aBAaHHA AnA 3aCBOEHHA MaTepiany

1.

2.

CKinbKn enekTPOHIB He BMUCTa4ya€ [O OKTeTy atomam HiTporeHy, Xnopy,
Cynbdypy, KapboHy, ®nyopy, OkcureHy?

[lo eneKTpoHHOI KoHbIrypauii aTomiB AKX IHEPTHNX efleMeHTIB NparHyTb
atomu Jlitito, OkcureHy, Kanbuito, AntomiHito, Xnopy? ATomu Lux enemeHTIB
6ynyTb BipAaBaTu Yn NPUEAHYBATY €NEKTPOHMN B Pasi yTBOPEHHA XiMiYHMX
3B'A3KIB?

Br3HauTe, CKinbKM eneKTPOHiB MOXKYTb BigAaTV AnA 3000yTTA eneKTPOH-
HOT KoH®irypauii atomis iHepTHOro enemeHTa atomu Jlitito, MarHito, Kanito,
Antominito, ®ocdopy, Xnopy.

§ 18. KoBaneHTHUN 3B'A30K

MpurapanTe: BU3HaUYeHHA eNeKTPOHHMX KOoHIrypauii atomis (3a § 10).

YTBOpEHHA KOBAJIEHTHOro 3B'A3KY

Bu Bike 3HaeTe, M0 Hiff Yac yTBOPEHHSA XiMiuHOTrO 3B’SI3Ky aTOMU

OpardyTh TOro, I00 Ha IXHBOMY 30BHIIIIHBOMY €HEPreTHYHOMY PiBHi
OyJio nBa ab6o Bicim (oKTeT) emeKTpoHiB. I[pOro MoKHA HOCATTH KiJIbKOMA
cmocobamu. OnmH i3 HUX moaATae B 00’€JHAHHI HeCIapeHWX eJIeKTPOHiB
Y CHiJIbHI eJeKTPOHHI mapu, IO HaJeXKaThb OJHOYACHO 000OM aToMaM.
Takuii 3B’sI30K HA3WBAIOTh KOBAJEHTHUM.

XiMiUHMI 3B'A30K, L0 BUHWKAE B pe3ynbTaTi yTBOPEHHSA CMiflbHUX eIeKTPOH-
‘*. HUX Map, Ha3nBalTb KOBaNIEHTHUM.

PosrasaHeMo yTBOpeHHA KOBAJEHTHUX 3B ABKIB y AEIKHX IIPOCTUX

MOJIeKyJIaxX. ¥ HaHIIPOCTiIIOMy 3 BimomMux aTomiB — aTomi I'imporeny —
Ha 30BHIIIHHROMY €JIEKTPOHHOMY DiBHi mepeOyBae OnWH €JeKTPOH:

H 1
S
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I 300pakeHHsA YTBOPEHHS XiMiUHOTO 3B’s83KY BaJEeHTHI eJIeKTPOHU
IIOBHAYAIOTH KPAIKOo ab0 XPEeCTUKOM:

H- ato Hx

Taxki opMyIu Ha3MBAIOTh €IEKTPOHHNMU (popMyaamMu, a60 eIeKTPOH-
HO-KpankoBuMu ¢Gopmysnamu, abo dopmynamu JIsroica.
YTBOpPEeHHA MoJleKyin BogHIO H, MoxXHa 3anmucaTy y BUTTIAAL opmyin:

2 i ()

Omxe, KoxkHHil aroMm [igporeHy Binjgae cBifi BaJeHTHUH eJIeKTPOH
Yy «CHOibHe KOPUCTYBaHHA». IIpu I[FOMY YTBOPIOETHCA CIiJIBHA €JIEKTPOH-
HA mapa, I0 OJHOYACHO HaJeXUTh oboM aromam [igporemy. Kosxuwuit
arom ligporeny HabyBae eJeKTPOHHOI KoH(iryparii aroma imepTHOTO
enemenTa (['esiio), TOOTO OTPUMY€E 3alIOBHEHUN 30BHIITHIN eHepreTUYHUN
pPiBeHb, MIO0 3YMOBJIIOE CTiAKiCTH MOJIEKYJIN BOIHIO.

CniyibHY eJIeKTPOHHY Hapy, AKa BU3HAUAE XiMiUHUY 3B’A30K, MOMKHA
MMOBHAUUTH PUCKOI0. ¥ TaKUil cmocid CKIagaloTh CTPYKTYpPHI dopmyimn,
HAIPUKJIaL, IJA BOJHIO:

H-H

Mix aromamm I'igZporeHy yTBOPIOETHCS OOHA CIIiJIbHA €JeKTPOHHA
mapa, To0To ofuH XimMiuHUM 3B’ sA30K. TaKkuii 3B’ 130K Ha3WBAIOTh OPAUHAP-
HUM, a00 ogMHAPHUM. SIKII0 300pasuTu YyTBOPEHHS CHiJBHOI eJIeKTPOHHOI
napu IepeKpUBaHHAM BiATOBigHUX opbiTaseii, ToO BUIile MOJIEKYJa, MO-
IeJsib sIKOI 300paskena Ha MaaoHKY 18.1: aBi s-opb6itasi aromiB Iizporeny
IepeKpPuBaAIOThCA, i B Iifl YaCTUHI IPOCTOPY HiABUIIYETHCA €JEKTPOHHA
rycTuHa.

AToMu HEMeTAJTIYHUX €JIeMEHTIiB APYToro Iepioy mparayTh JOTIOBHU-
T CBOIO eJIEKTPOHHY OOOJIOHKY 10 OKTeTy. CKJIaZeMo cXeMy YTBOpPEeHHS
3B’A3KYy B MoJeKyai gropy F,. Arom ®iyopy MiCTUTH Ha 30BHIIIHBOMY

Okpemi atomu Monekyna H,
Figporeny

+

Man. 18.1. Y pa3i nepekpuBaHHs s-opbiTanein atomis FigporeHy eneKTpoHHa rycTuHa
NiABULLYETbCSA MiX ALPAMM CMOMYyYEHMX aTOMIB, A€ MEPEBaKHO nepebyBa€e CrinbHa

€leKTpOoHHa napa
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ggemagep .

Man. 18.2. MepekprBaHHA p-opbitanein atomis Onyopy nif yac yTBOPEHHsA
mMonekynu ¢ropy. IHWi p-op6iTani, Ha AKNX NepebyBaloTb €NEKTPOHHI Napw,
He GepyTb yyacTi B YTBOPEHHi 3B'A3KY

PiBHi ciM eJIEKTPOHIB: TpU €JeKTPOHHI mapm I OOWH HECHapPeHUM eJieK-
TPOH:

oF 2 NN | ado i

([

o saBepIlleHHs 30BHIIIHLOrO piBHA aTomy Duyopy OpaKye OTHOTO
eJIeKTPOHA, TOMY KOKHUII 3 aTOMiB HAJa€ B CIiJibHEe KOPUCTYBAHHS IO
OTHOMY HeCIIapeHOMY eJeKTPOHY:

3 a6o F-F

¥ moneryui propy F, aromu ®yyopy yTEOPIOIOTH OAHY CIiIbHY €JIEK-
TPOHHY MHapy HUIAXOM IepeKpuBaHHA p-opbOiTaneit (masn. 18.2). ¥ Taxkumit
CII0Cci0 KOKHMI 3 aTOMIB Mae Ha 30BHIIIIHHROMY PiBHI II0 BiciM eeKTpoHiB
(oKTeT), i3 AKMX IOBA € CIJIBHUMU, & MIiCTh (TpHU Iapu) He 6epyTh ydac-
Ti B yTBOpeHHi ximiuHoro 3B’sA3Ky I HaJe:xaThb camomy atomy. L[i Tpm
€JIEKTPOHHI Mapu HA3WBAIOTh HEMOTiJTeHUMHU.

YTBOpPEHHA NOABINHOIO N MOTPINHOIO 3B'A3KIB

¥ pasi B3aemoii 7BOX aTOMiB, KOMKHUM i3 AKX Ma€ KiJibKa HeclapeHUX
€JIEKTPOHIB, YTBOPIOETHCA OJHOYACHO KiJIbKa CIIJIPHUX €JIEKTPOHHUX map.
ITpuxnagom € monexyna kucHio O,. B atomi OKcureny Ha 30BHIITHBOMY
PiBHI € IITicTh €JIEKTPOHIB: ABi €JIEKTPOHHI ITapu i [Ba HecIlapeHi eJIeKTPOHM:

40 2 M r[1r]  ade :0-
p

i
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IIi mecmapeni eleKTpoHU 0epPyTh YYacCThb B YTBOPEHHI JBOX CHIIBHUX

€JIeKTPOHHUX IIap:
O+O - a6o 0=0

3aBAgaKu IIbOMY KOKHHHN aToM OKCUTIeHYy OTPUMY€E 3aBepIlleHuiil 30-
BHIIIIHIYI eHepreTMYHUN pPiBeHb i3 BOCbBMU eJIeKTPOHiB (oKTer). Tarwuit
XiMiuHUi 3B’A30K HA3WBAIOTH MOABIMHMM i MO3HAUAIOTHL JBOMA PHUCKAMU.

B aromax HiTporeny Ha 30BHIIITHBOMY €JI€KTPOHHOMY PiBHI MicTATHCA
TPpU HecHapeHi eJeKTPOHMH:

N[N [T][1]7 abo -
iy

S
3aBJAKHU IM IIiJ| 4YaC YyTBOPEHHA MOJIEKYJHU a30Ty N, BUHUKAIOTh TPU
CIIiJIbHI eJeKTPOHHI mapwu:

N +oNE — a6o N=N

Koxxkuuit 3 aromiB Hirporeny oTpumye 3aBepIllieHUII 30BHIIIHiN
€JIeKTPOHHUU PiBEHB, IO MICTUTH OKTET eJIEKTPOHIB: MIiCTh €JIEKTPOHIiB
cuinbHi AyA 060X aToMiB (TpU CHiMbHI mapu), i B KOMKHOTO 3 aTOMiB IO
OIHIiY BJIaCHiN eleKTPOHHIN mapi. 3B’A30K y MOJEKYJi a30Ty Ha3WUBAIOTh
MOTPiHHUM i MO3HAYAIOTH TPhOMA PUCKAMU.

YTBOpPEHHA 3B'A3KY Mi>K Pi3HUMM aTOMaMu

Mwu posTIAHYJIU, AK YTBOPIOETHCA XiMiuHMII 3B’A30K y MOJEKYyJaXxX
OPOCTUX PEUYOBUH, ajie KOBAJEHTHUU 3B’SA30K MOKe BUHUKHYTU H MiXK
aToMaMM Pi3HUX ejieMeHTiB. ¥ MoJieryJi rigpored ¢guayopuny HF (¢pTopo-
BOJHIO) aTOMH 34 PAXYHOK <«UyKOTO» €JIEKTPOHA 3aBEepINyIOTh CBill 30-
BHiIIMHIN eHepreTuuHuil piBeHb: atom ligporeny — mnepmiuii, a aTom
dayopy — apyruii (man. 18.3).

H

F HF

Man. 18.3. B yTBOpeHin monekyni rigporeH ¢nyopuay s-opbitanb atoma ligporeHy
nepekprBaeTbca 3 p-opbitanno atoma Onyopy
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H-+ -F: o a6o H-F

SIKIII0O B OMHOMY aTOMi € KiJbKa HecllapeHuX eJeKTPOHiIB, TO BiH
MOJKe YTBOPUTH KOBAJIEHTHI 3B’S3KM OJHOYACHO 3 KiJIbKOMa aTOMaMH.
Y wmouseryni Bogu H,0O arom OxcureHny yTBODIOE [JBa ODJMWHAPHI KOBa-
JIEHTHi 3B’A3KH 3 ABOMa aTroMaMu Ligporeny:

H- + «0: — H:0: a6o H—(l)
H H

e+

Koxuuit arom I'igporeny B MOJIEKYJIi BOAYU MICTUTh Ha 30BHIIIITHBOMY
piBHiI o nBa enexkTpoHm (cminbHi 3 atromom Oxrcureny), a atrom Oxcure-
HY — Bicim ejexTpoHiB (woTtupu cBoi i ABi cminbHi mapu).

Mixk aTomaMm pPisHUX eJEeMEeHTIB MOKe TaKOXX YTBOPIOBATHUCS I II0-
ABIHUYA 3B’A30K, HANPUKJIAJ, Y MOJEKYJi Byriaexkucsuoro ragy CO, mix
aromamu KapbOony it Okcureny:

00 + G+ 0 - @3@@ a6o 0=C=0

YV npomMy BHUIAAKY KOMXKHUI 3 aroMiB OKCHUIeHY YTBOPIOE OLUH IIO-
IBifiHUI 3B’s130K, a arom KapOomy — aBa moaBiiiHi 3B’sI3KH.

3BepHiTb yBary, Lo Y 3BMYaiHOMY CTaHi B aTOMi KapboHY Ha 30BHiLUHbOMY
piBHI NepebyBatoTb N1Lle ABa HeCnapeHi enekTpoHu. Abu yTBOPUTU YOTU-
pu XiMiuHi 3B'A3KK, aToMm KapOoHy MOrnvMHae HeBenuUKY KiNbKicTb eHeprii
i nepexoanTb y 306yXeHUn ctaH (rpadiyHO BiH MO3HAYAETLCA 3iPOUKOLD).
MornuHatoun [OJATKOBY eHeprilo, oAVH eflekKTPOH i3 s-opbitani nepe-
XOAWUTb Ha BinbHY p-opbiTanb, i Ha 30BHiWHbOMY piBHI aToma KapboHy
CTaloTb YOTUPW HecnapeHi efleKTPOHN:

< 2] 2] 1]
s p s p

e eHepria ol
1 a6o :C- SHEPTA 1 a6o *C
s s

Takuin npouec AoCUTb MOLIMPEHWNI | BifOYBAETHCS, KON Ha 30BHILUHbOMY
piBHi aTOMiB € BiflbHi Op6iTani  eNeKTPOHHI Napu. 3aBAsAKW oMy B aTo-
Max OesKMX enemMeHTIB Nif Yac NOrMMHAHHA AOAATKOBOI eHeprii y 30y-
[KEeHOMY CTaHi cTa€ Ginblue HecnapeHrx eneKTPOHIB, HiX Y 3BUYaNHOMY
(OCHOBHOMY) CTaHi, i eneMeHTN MOXYTb BMABMIATL CBOIO BULLY BaNeHTHICTb.

=
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JliHesicmuyHa 3adaya

JIaTMHOIO CO 03HAYaE «CMiNbHUMNY, a vales — «TOoiA, WO MaE Cuy». [PYHTYIOUNCD Ha LibOMY,
NOACHITb 3MICT TEPMiHa KKOBaNeHTHUMN».

JNaTuHoto ordinary o3Hava€e «3BMYaHNNY. fIK B BBAXKAETE, YOMY TEPMIHU «OAUHAPHUIA
3B'A30K» Ta OPAMHAPHUI 3B'A30K» € CUHOHIMaMK?

% BucHoBKM

-?
1.

KoBaneHTHMI 3B'A30K BUHWKAE 3aBAAKN YCYCNiIbHEHHIO €NeKTPOHIB.
Mpy UbOMYy MiK aTOMamMun YTBOPIOIOTbCA CMifbHI €NeKTPOHHI napwu, Lo
Hanexatb 060M CronyyeHMM aTomam. Y pasi yTBOPEHHSA KOBaNeHTHOro
3B'A3KY 3a pPaxyHOK HemnoAineHnx efneKTPOHHMX nap Ta CNiNbHUX enek-
TPOHIB aTOM HabyBa€ eneKTPOHHOI KOHbIrypauii aToma iHepTHOro ene-
MeHTa.

3B'A30K, WO BMHWKAE 3aBAAKM YTBOPEHHIO OfHI€l CMiNbHOI €1eKTPOHHOI
napw, € opavHapHUM. ATOMW, Ha 30BHILLHIX €NIeKTPOHHUX PIBHAX AKWX €
6inblue OQHOrO HeCnapeHoro efieKTPoHa, MOXKYTb YTBOPIOBATU MOABIN-
HUNM 3B'A30K (OB CMiNbHI €NeKTPOHHI Napwv) Ta NOTPINHWUIA 3B'A30K (Tpw
CNiNbHi eneKTPOHHI Napw).

9 KoHTponbHi 3anuTaHHsA

—
.

s

1.

[ante BU3HaUeHHA KOBaNIEeHTHOMY 3B'A3KY.

CninbHa enekTPOHHa Napa — Le: a) Nnapa eNleKTPOHIB, L0 HaNeXxnTb 06om
aToMaMm, MiX AKUMK YTBOPEHUI XiMiYHMIA 3B'A30K; 6) Mapa eneKTPOHiB,
O He YTBOPIOE XiMIYHOrO 3B'A3KY; B) ABa €NeKTPOHN, Wo nepebyBatoTb
Ha OOHOMY eHepreTU4YHOMY NiApiBHi.

fIKi eneKTPOHN Ha3MBaloTb HeCcnapeHUmn?

fIKy eneKTpOHHY Napy Ha3nBalTb HenogineHow?

AKMI 3B'A30K Ha3UBaloOTb: a) OPAUHAPHMM; 6) NOABINHMM; B) MOTPINHUM?
HaBegiTb nprvknagn monekyn i3 Takumuy 3B'A3Kamu.

3aBAaHHA ANA 3aCBOEHHA MaTepiany

CKinbKn eneKkTPOHHUX Nap i HeCMapeHWX eNIeKTPOHIB MICTATb Ha 30BHiL-
HbOMY eHepreTUyHoMy piBHi aTomu: a) Xnopy; 6) Cynbdypy; B) Gocdopy?
Cknagitb ansa Hux dopmynu Jlbloica.

CKinbKn HecnapeHnx enekTpPoHiB micTuTb: a) atom Onyopy; 6) monekyna
$Topy?

Yomy He MOXYTb iCHyBaTV ABOATOMHi MOJIEKY/IM iIHEPTHUX efleMeHTiB?
3aBAAKN enekTpoHaM fAKOro Lapy 3[4iMCHIOETbCA 3B'A30K MiXK aToMamu:
a) y monekyni BoAHto; 6) monekyni xnopy?
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8%,

9%,

10%.

Cknapitb dopmynu Jlbloica ana monekyn rigporen xnopuay HCl, rigporeH
cynbdigy H,S, amoHiaky NH,, meTany CH,. Ckinbki cninbHuX i Henogine-
HUX eNeKTPOHHUX Map MICTATb aTOMW B KOXHOMY BUMaAKy?

Cknagitb dopmyny Jlbloica ana monekynu cipku S,. CKinbKu enekTPOHHUX
nap 6epyTb yyacTb B yTBOPEHHI KOBaNeHTHOrO 3B'A3KY Mix aTomamu Cynb-
dypy? Yn BUKOHYETLCA NpPaBUIO OKTETY?
[aHo Tpu enekTpoHHi popmynu: a) X :3(::; 6):

Z:7% 8) tAziAz AKam i3 Ha-
BefeHux peuoBnH — NH,, HCl, O,, F,, N,, H,, HBr, Cl, — BignosigatoTb Ui
eneKkTPoHHi dopmynn? AKMM peyoBMHaM He BiAMOBIAAE KOAHA €NeKTPOH-
Ha ¢opmyna?

Cknapitb rpadiuHi enekTpoHHi dopmyny GyLoBU ENEeKTPOHHOI OOONOHKM
atoma Cynbdypy B OCHOBHOMY 11 30yAPKEHOMY CTaHaXx, LWob Ha 30BHILUIHbOMY
eNeKTPOHHOMY pPiBHi aToma Oyno YoTMpPKY Ta WICTb HECMAPEHUX €NIEKTPOHIB.
Cknagite dopmynu Jlbioica ana cynbdyp(lV) okenay ta cynbdyp(VI) okcmay.
Cknagitb rpadiyHi enekTpoHHi dopmynn OnA eneKTPOHHMX OOONOHOK
atomis ®ochopy Ta Xnopy B OCHOBHOMY Ta Pi3HUX MOXIUBUX 30Y[KEHMX
cTaHax. [PYHTYIOUMCb Ha HIX, MOACHITb MOXJIMBI BaIEHTHOCTI, O MOXYTb
BuaBnAT atomu Qocdopy Ta Xnopy B Cronykax.

YTBOpEHHA KOBANIEHTHOrO 3B'A3KY MOXe BigbyBaTucA 3a OOMIHHUM (pe-
KOMGiHaLinH1M) MexaHi3MOM, WO onucaHuin y Lbomy naparpadi, Ta 3a
JOHOPHO-aKLEeNTOpHMM. 3HanAiTb y [OAATKOBIM niTepaTypi BiAMIHHI Ta
CRiNbHI pycK MiXK UMMM ABOMa MexaHismamu. HasefiTb npuknagn vactu-
HOK, Y pa3i YTBOPEHHA AKX MA€ MicLie JOHOPHO-aKLENTOPHUN MeXaHi3m
YTBOPEHHA KOBaNIEHTHOTO 3B'A3KY.
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MpuraganTe: AK 3MiHIOIOTLCA MeTaNiyHi Ta HemeTasiyHi BNaCTUBOCTI €NleMeHTiB,

a TaKoX pagiyc aToMiB y nepiogax i rpynax (3a § 14).

EnekTpoHeratmBHICTb XiMIYHUX efleMeHTiB

3IaTHiCTh aTroMa IMPUTATYBATH CIILJIBHI €JIeKTPOHHI Imapu HasuBalOTh
eJieKTpoHeraTuBHicTIO. CUJIbHIiIIIEe 32 BCiX HPUTATYIOTH €JIeKTPOHU aTOMU
HaWaKTUBHIIMNNX HeMeTaJiuHuX ejieMeHTiB — ®iayopy, Oxkcureny, XJo-
Py, amke iM AJd 3aBepIlleHHs 30BHIIIHBOTO PiBHA OpaKye omHOTO abo
IBOX eJeKTPOHiB. I eJIeKTpOHM, AKi BOHU IPUAMATUMYTh, PO3TAIITYIOTHCSI
IOCUTHh OJM3BKO 0 sAApa — Ha JPYyromMy ado TPeThOMY eJeKTPOHHOMY
piBui. ToMy eJleKTpOHETaTHMBHICTH IMMWX eJeMeHTiB Halbinbima. Jlerre
3a BCiX BiImarOTh €JIEKTPOHU aTOMM AKTUBHUX METAJTIUYHUX €JIEMEHTIB,

Hacamiiepen

ay:xuanx — Jlitiro, Harpito, Kauito Toiro. Bouu BusSBIAIOTE

HaAMEHIITy eJeKTPOHEeTaTUBHICTb.
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Man. 19.1. 3miHa 3HauyeHHA eneKTPOHEraTMBHOCTI XiIMIYHUX eNneMeHTIB BignoBigHO
[o ix micya B MNepiognyuHin cuctemi (BoBruin BapiaHT)

OCKiJIbKY €JIeKTPOHEeTraTUBHICTh — IIe BJIACTUBICTH, IIOB’sI3aHa 3 IPU-
WMaHHAM Ta BTPATOI eJIEKTPOHIB, TO i 3MiHIOBaTHMCS BOHA Oynae Tak
camMo, AK 1 HeMeTaJiuHi BJIacTUBOCTi: y mepiofax eJIeKTPOHEraTUBHICTH
MOCUJIIOETHCS 3JIiBa HAIIPaBo, a B rpylax — 3HuU3y Bropy. OT:ke, eJeMeHT
i3 HaMOiJbBIIIOI eJIeKTPOHeraTHBHicTIo — PDayop, a 3 HAWMEHIIOK —
®pannin (max. 19.1).

Croci6 KinbKicHOro BU3HAUEHHS €JeKTPOHEeraTHBHOCTI BIeplie Po3-
pobus amepukaucbkui ximik Jlatinyc ITosinr. 3a mkasor IToxinra exex-
TpOHeTraTUBHiCT, Payopy mpuitHaTa 3a 3,98 (oxpyrieno 4), Ipyrum 3a
enexkTpoHeratTuBHicTIO € OKcuren (3,44), tperim — Xuop (3,16). I'ixporen
i TUIIOBI HeMeTaJIiuHI eJleMEeHTHU PO3MillleHi B cepeIuHi ITKaIN; 3HAYeHHA

AMepurKaHCbKUIA XimiK i ¢i3uK, ABivi naypeat Ho-
6eniBcbkoi npemil: 3 ximii B 1954 poKy (3a BYBYEH-
HA NPUPOAM XiMIYHOrO 3B'A3KY) Ta npemia Mupy
1962 poky (3a 60poTbOY MPOTU MOLMPEHHA AAEP-
HOI 36poi). 3 AWTMHCTBA WiKaBMBCA HayKo, BUKO-
HyBaB JOCNIAM 3 XiMiT Ha KyxHi. Y nepio HaBYaHHA
nigpobnas MuTTAM Mocyay. Big 1922 poky npadto-
BaB y KanipopHiiCbkoMy TeXHOOTYHOMY IHCTUTYTI,
[le 3roloM CTaB eKaHOoM XiMiuHoro dakynbTeTy. Big
KiHUA 60-x pokiB mpoBoanB ¢yHAAMEHTanbHi Ao-
CNiJ»KeHHA 3 YNvBY BiTaMiHIiB Ha OpraHiam JoguHU
N MOXKNMBOCTI NiKyBAaHHA HUMW PaKOBUX 3aXBOPIO-
BaHb. IM'A lNMoniHra € cepen 20 HamBMAATHIWNX Ha-
YKOBLiB YCiX vaciB.

JlanHyc Kapn lNoniHr
(1901-1994)
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iX eJeKTpoHeraTHBHOCTe# OJM3bKi mo 2. AKTHBHI MeTaJiuHi eJleMeHTH
MalTh 3HAUEHHA eJeKTpOoHeraTHUBHOCTI MeHImi 3a 1,6. (3HAUeHHA eJieK-
TPOHETaTUBHOCTEN IJIs XiMiuHMX ejeMeHTiB HaBemeni B Ilepiogmuniit
cuctemi Ha Qopsari 1.)

nOﬂﬂpHiCTb KOBaJ1IEHTHOIO 3B'ﬂ3Ky

KoBanenTHuii 38’ 130K MOKe YTBOPUTUCA MiK ONHAKOBUMU ab0 pisHu-
MHu aTroMaMu. AToMU PisHMX XiMiUHHX eJIeMeHTiB MalTh Pi3HY eJIeKTpPo-
HEraTUBHICTh, OTKE, II0-PiBHOMY MPUTATYIOTH CIIiJIBHY €JIEKTPOHHY IIapy.
3aBOAKY IIbOMY AJA KOBAJEHTHOTO 3B’ 3Ky XapaKTepHa BJIACTUBICTH, 110
Ha3WBAIOTh MOJAPHICTIO KOBAJEHTHOTO 3B’SI3KY.

PosrisgabpmMo, uuM BifpisHAEThCA XiMiuHMI 3B SA30K y MOJIEKYJIAX
soguio H,, ¢propy F, ra rigporen duyopuny HF:

H:H :F:F:  H:F:

B ycix nmux MoJieKkyjax MidK aToOMaMH YTBOPIOETHLCS OSUHAPHUI KO-
BaJEHTHUM 3B’SB30K 3aBAAKN YTBOPEHHIO OAHiel CIiJbHOI eleKTPOHHOI
napu. Il ereKTpoHHA ITapa HaJeXUTh 000M aToMaM, MijK AKMMU iCHYE
xiMmiuHUI 3B’A30K. AJle UM PiBHOIO MipOI0 BOHA HAJIEKUTh 000M aTomMam?

Y mosekysnax (TOpy ¥ BOJHIO CIIJIbHA e€JIEKTPOHHA Ilapa OJHAKOBO
MIPUTATYETHCA A0 000X aTOMiIB i HaJIeXKUTh OLHAKOBO iMm ob6om. Tarwmit
KOBAJIEHTHUN 3B’SI30K HA3WBAIOTHh HEMOJSAPHHUM. B ycix mpocTux pedoBU-
HaX, YTBOPEHUX HeMeTaJiuHuMu ejnemeHTamu (Hampuraan, H,, N,, O,,
S,), XimMiuHi 3B’A3KYU HENOJAPHI.

Y monerymi rigporen quryopumy atomu ligporeny i @uyopy mpura-
TYIOTh €JIEKTPOHU MOo-pisHoMy. Y Diyopy eleKTpoHeraTUBHICTL OijbIira,
Hi>k vy T'imporeny, oT:ke, atroMmu DIyopy CUJIBHIiIIE NPUTATYIOTH CIIJIBHY
eJIEKTPOHHY mapy, Hisk aromu [igporeny. Ile Beme mo 3mimieHHsA CIiJabHOL
€JIeKTPOHHOI Imapu B 0ik aToma ®@ayopy i 30iabIlIeHHA Ha HHOMY €JIeKTPOH-
HOl ryctunu (mas. 19.2). Ak macaimok, Ha atomi ®Payopy 3 ABIAETHCA
MeBHUU HAIJIUIIKOBUYM HeraTuBHUM 3apsan. Ha aromi Iigporeny, HaBmaxu,
€JIEKTPOHHA I'yCTUHA 3MEHIIYETHCA, OTKE, Ha HbOMY 3’ SABJISETHCA ITEBHUMN

H-H H-F

a 6
Man. 19.2. Y Monekyni BOgHIO €NeKTPOHHA FycTHA Ha 060X aToMax ofHakoBa (a),
a B Monekyni rigporeH ¢nyopuay Ha atomi Onyopy enekTpoHHa ryctuHa 6inblua,
3aBAAKM YoMy Ha aTomi Dnyopy 3'ABNAETLCA HaJIMLIKOBUI HeraTuBHUIA 3apAag (6)
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KoBaneHTHMII HENOJAPHUI
3B’SI30K:

THUBHOT'O €JIEMEHTa,;

eJIEKTPOHETaTUBHICTIO

* CILIBHI €JIeKTPOHU HAJIEKATh
000M aToMaM OJHAKOBOIO MipoOio;

- iCHye MiK aTomamMm HeMmeTaJiu-
HUX €JIEMEHTIB i3 HE3HAUHOIO Pi3-
HUIEI0 eJIeKTPOHEraTUBHOCTEMN.

KoBaieHTHMIT TIONAPHUN 3B’SI30K:
* CIiJIbHA eJIEKTPOHHA TIapa 3Mi-
meHa B 6ik OiibIn esleKTpoHera-

- icHye MiK aTomMaMu HeMmeTa-
JiYHUX eJeMeHTiB i3 pisHOoIo

MO3UTUBHUN 3apax. CxeMaTHUYHO Iie
3alMCYIOTh TaK:
&+ o
H-F
KosanenTHuil 3B’A30K, yTBOpe-
HUA MiK aToMaM# pPi3HUX eJeMeH-
TiB, HA3UBAIOTh MOJAPHUM (OCKiIbKU
B MOJIEKYJIi 3’SABJIAITHCA TIOJIIOCU
€JIEKTPUYHOIO 3apAny). ¥ KOBaJIEHT-
HOMY TIOJIAPHOMY 3B’S3KY CITiJIbHA
€JIEKTPOHHA IIapa 3MillleHa OO0 TOro
aToMa, SAKWUN CUJIbHIIlEe MNPUTATYE
€JIeKTPOHU, TOOTO IO aTOMiB eJIeMeH-
Ta 3 OLJIBIIOI0 eJIeKTPOHeraTUBHICTIO.
YuM cuiabHIiNIe Ie 3MiljeHHS

CIIiJIbHOI eJIEeKTPOHHOI Imapu, TUM OiJIBIIIOI0 € IMOJAPHicTh 3B A3Ky. Tak,
y PAIY raJOreHOBOIHIB Pi3HUIA eJIeKTpOoHeraTuBHOCTel MixK 'imporenom
ta ®IyopoM 3HAUHO Ginbina, Hixk Mixk I'izporemom Ta Momom. Otixe,
y rigpores (ryopuai moaApHicTh 3B’ A3KY OLIbINIA, HiM V IigporeH Moammi:

H-I

H-Br

H-Cl H-F

>
>

ITonsapHicTh 3B’A3KY 30iJIBIITYETHCA

OcKinbKn eneKTPOH, WO Hanexas atomy [igporeHy, nuwe 4acTKOBO 3Mi-
WyeTbcA B 6ik atToma Onyopy, TO Haf/IMWIKOBUIA HeraTVBHWA 3apag, Lo
3'ABNAETLCA Ha aTomi Dnyopy, MeHLUWI 3a eNeMeHTapHUI 3apaAg, TO6TO MeH-
WwniA 3apAgy enektpoHa (=1). Y ubomy BMNagKy BiH CTaHOBWTb nuvwe 44%
Bif 3apApy enekTpoHa. LLlo6 He nucath TOYHe 3HauYeHHA 3apAagdy, BUKOPUC-
TOBYIOTb OyKBY O (penbra). 3apag Ha atomi lgporeHy OOpiBHIOE 3apsAay Ha
atomi QOnyopy, ane NPOTUNEXHUI 3a 3HAKOM, | Cyma 3apAAiB AOPIBHIOE HYIO.
To6To moneKkyna 3anvlLaeTbCa eNekTpoHenTpanbHo. Yrm Ginblua pisHMLA
€1eKTPOHEraTUBHOCTEN BOX aTOMiB, TM GinbluniA 3apsAg Ha aToMax.

3anexHicTb NONAPHOCTI 3B’A3KY Bifj eIeKTPOHEraTuBHOCTi eJlIeMeHTIB

Monekyna

EnektpoHeraTuBHICTb
enemeHTiB

PisHMUA eneKkTpoHera-
TBHOCTen (AEH)

CTyniHb 3MilLeHHA enek- i 10,44
TPOHHOI FYCTUHM

40,18 -0,18 | +0,12 -0,12 40,05 —0,05
H —d H —Br H— |
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HitporeH — goCWTb aKTUBHUI XiMiYHWI enemeHT, ane asoT N, — ofHa
3 HaMiHEPTHILWMX PEYOBWH, SIKa 3a IHEPTHICTIO NofibHa OO IHEPTHUX rasi..
A30T HaBiTb iHOAI BUKOPUCTOBYIOTb A1 CTBOPEHHA iHEPTHOI aTMOoCcdhepu
nig 4Yac NPoBEeAEHHA XiMIYHMX peaKuili 3amiCcTb AOPOXUYMX aproHy abo
renito. Lle noAcHETbCA Haa3BMYANHO MiLLHUM 3B'A3KOM MiX aToMamu Hi-
TporeHy B mosiekyi N,, L0 3yMOBJIIOE IOFO HU3bKY PeaKLUiiHy 34aTHICTb.

o3
1.

./-’Q BucHoBKn

MonApHICTb KOBaNeHTHOro 3B'A3KY 3yMOBJIEHa Pi3HOK 3[aTHICTIO aToOMiB
NPUTAryBaTW CriNbHi €NeKTPOHW (eneKTPOHeraTUBHICTIO). KoBaneHTHUN
3B'A30K Mi>XK OJHAKOBVMMM aTOMaMu € HEMONMAPHUM, a MiXK Pi3HMMMK aTOMa-
MU — MOSIAPHUM.

Y Monekyni Ha aTomi Ginbll enekTPOHEraTUBHOrO efleMeHTa 3'ABNAETbCSA
HaAJIMLWIKOBUI HEraTMBHWIM 3apAf, a Ha MeHL eJleKTPOHeraTuBHOMY aTo-
Mi — MO3UTKBHUIA. YM GiNbLUOK € PiI3HULS €NeKTPOHEraTMBHOCTEN, TUM
6inbLw NONAPHUM € 3B'A3OK.

Q KoHTponbHi 3anuTaHHA

1.

S

1.

2.

KNI KOBaNeHTHUN 3B'A30K Ha3uBalOTb HenonApHuM? nonApHuM? Hase-
OiTb NPUKNAAN PEYOBVH i3 LUMU TUMaMn 3B'A3KY.

Big yoro 3anexmTb NONAPHICTb KOBANIEHTHOIO 3B'A3KY?

AIK BUM3HAUMTW, Ha AKOMY 3 aTOMIB, CMOJIyYEHNX KOBANEHTHNM 3B'A3KOM,
3'ABNAETbCA HEraTMBHUI 3apAf, a Ha AKOMY — MO3UTUBHUIA?

AIKy BnacTMBICTb XiIMIYHMX e€nemMeHTIB Ha3MBalTb eNeKTPOHeraTuBHICTIO?
Ak BOHa 3MiHIOETbCA B nepiogax i rpynax? HasgitTe Hanbinbw i HaiMeHL
eneKTPOHeraT1BHi enemeHTU. Bignosiab obrpyHTyATe.

3aBAaHHA ANA 3aCBOEHHA MaTepiany

BunuwiTtb B OKpemi CTOBNUUKA GOPMYSIM PEUYOBVH i3 MOASAPHUM Ta HEMo-
JIAPHUM 3B'AI3KOM: SB, NH3, 0,, OF,, F,, CIF3, P, NO,, NO, N,

3anuwite GopMynn pPeuyoBMH 3a MOPAJKOM 36iNblUEHHA MONAPHOCTI
3B'A3KY B IxHix monekynax: H,0, CH,, HF, NH,.

KopucTtytouncb dpopsanom 1, 06UMCRiTh PI3HNLI0 MiXK eIeKTPOHEraTUBHOC-
TAMU enemeHTiB y napax: Li-Cl, Be-Cl, B-Cl, C-Cl, N-Cl, O-Cl, F-Cl. Ykaxitb
napy enemeHTiB i3 HabiNbLL MNONAPHUM i HAMMEHLL MOAAPHMM 3B'A3KaMU.

Br3HaumBWwY pi3HULIO eneKkTpoHeraTMBHOCTeW (gmB. dop3ay 1), yKaxiTb
bopmyny HannonsapHiwoi monexkynu: H,, HCl, HF, CIF, Cl,, F,.

Cepepi HaBeAeHNX PeYOBVH BNGEPITb CMOMYKM 3 HANOINbLLOK Ta HaMeH-
WO MoNApHICTIO 3B'A3KY: rigporeH nogma HI, rigporen xnopug HC, rig-
poreH 6pomia HBr, Boga H,O, rigporen cynbdin H,S, xnop Cl,, metan CH,,
docdin PH,.



TEMA 2. XIMIYHWIA 3B’A30K | BYOBA PEYOBMHN

6. Bu3HauTe 3HaK YacTKOBOro 3apAgy Ha atomi Xnopy B monekynax HCl i CIF.
AK B BBaXKA€ETe, y AKIl i3 LMX MOMEKYN YacTKOBMI 3apag Xnopy Ginbui
3a abCOMTHOI BEIMUMHOIO?

. o _ _ i ’ ?

7. K 3miHo€eTbCa B pagy H,0 H,S H,Se H,Te nonspHicTb 38'A3KY?
Yomy?

§ 20. NoHHMIT 3B'A30K

MpurapganTe: Ny>kHi enemeHT — ue enemeHTn |A rpynu, ranoreHn — enemeHTu
VIIA rpynn.

YTBOpPEHHA PEYOBUH i3 NOHHMM 3B’A3KOM

MexaHi3M yTBOpPeHHS PEUYOBUH i3 HOHHUM 3B’ I3KOM MAa€ CHLILHI pucu
3 YTBOPEHHSAM PEUOBUH i3 KOBAJEHTHUM 3B’sa3KOM. BOHU TaK caMo yTBO-
PIOIOTHCA BaBAAKU IIePePO3IOALNTYy eleKTpOHIB. VIoHHHII 3B’A30K iCHYE
B PEYOBMHAX, YTBOPEHUX METAJTIYHMMU Ta HEeMETAJiUHUMU eJIeMeHTaMU.

AToMHI MeTaJIiUHUX eJeMEeHTIB yTpauaioTh eJeKTPOHU, IePeTBOPIO-
IOYNCh HA ITO3UTWBHO 3apsamKeHi HOoHU (KaTioHM), a aToOMU HeMeTaid-
HUX TPUNMAaIOTh eJIeKTPOHU, MEPETBOPIOIOUNCH HA HETaTHUBHO 3apAIKeHi
tionu (aHionm). MisKk MUMU Pi3HOMMEHHO 3apsAAKeHUMU MOHAMU BUHUKAE
eJIeKTPOCTATUUHE IIPUTATAHHA, CHUJIa SKOT0 3aJIeKUTh Bifl 3apsmiB HOHIB
Ta ixHiX pamiyciB. Takuii 3B’sI30K Ha3WBAIOTh HOHHUM.

.\ XiMiyHWUI 3B'A30K, WO BMHUKAE B pe3ynbTaTi MPUTAraHHA NPOTUAEXHO 3a-
=@ pAagKeHVIX OHIB, Ha3MBaOTb NOHHIM.
(]

ITig wac ximiuHol B3aemozii HaTpifo i XxJI0py yTBOpPIOIOTHCA HoHu Ha-
tpito Nat Ta xmopug-ioru Cl™ (max. 20.1):

2Na+Cl, = 2NaCl

Na’ — e — Na* Clo+e — CI-
@ - 8 — & - @ -
Atom Hatpito Na Atom Xnopy Cl Von Hatpito Nat  Won Xnopy CI-

Man. 20.1. Atom Hatpito Bigpae enekTpoH atomy Xnopy. Mpu upbomy obuasa atomu ne-
PEeTBOPIOIOTLCA HA MOHM i3 3aBEPLUEHMM 30BHIWHIM eNeKTPOHHUM pPiBHEM
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Monnuii 38’A30K:

* BUHUKAE Mi)K IPOTUJIEIKHO 3apsmiKe-
HUMH HOHaMH;

+ icHye MiK OHAMU MeTaJiuHUX
Ta HEMeTAJiUHUX eJeMeHTiB

IIponykT B3aemoxnii — HaTpPi#l XJI0-
puag — IJIKOM CKJANaeThCsa 3 HMOHIB
Harpito Ta xJ0opupa-ioHiB, yTBOpEHUX
VHACJIiIOK mepeMillleHHA eJeKTPOHiB
Bimx aromiB Harpito mo aromir Xuio-
py. Vonn B Kpucrami Mix co6oio He
3B’sI3aHi JKOPCTKO, TOOTO MiK HUMMU
He icHye CIiJIBbHUX eJeKTPOHHUX IIap.
YV Harpiit XJ0pUAi BOHU YTPUMYIOTHCA Pa30M 3aBIAKU IMIPUTATAHHIO MiK
IPOTUJIEKHO 3apAlKeHUMHU HoHamu (mau. 20.2). + 2 94 9

Vounuii 38’A30K XapaKTepHUI Aaa ocHOBHuX okcuiiB (Na, O, MgO),
ayris (NaOH, KOH) ra coneii (NaCl, KNO,).

Man. 20.2. Y Kpuctani Hatpin
Xnopugy NOoHN yTPUMYOTbCA
3aBAAKM NOHHOMY 3B'A3KY

KaTioHn 11 aHIOHM MOXYTb CKNlagaTUCA He nvwe 3 OJHOro, ane n i3 ge-
Kinbkox aTtomiB. Hanmpuknag, nyru yTBOpeHi KaTioHamu metanis M* i rig-
pokcua-ioHamn OH™. 3B'A30K MiX KaTioHamMu MeTaniyHux enemeHtiB M*
i rippokcup-ioHamn OH~ oHHUIM, a Mix aTomamu TigporeHy n OkcureHy
B MOHIi OH™ — KOBaneHTHWU NONAPHUIA.

KpwuTtepin yTBOpeHHA NOHHOro 3B'A3KY

YTBOpeHHSA PeYOBUH i3 HOHHUM 3B’ SI3KOM MOXKHA PO3TJIALATH i 3 II0-
3UIlil YTBOPEHHSA CHiJIBHOI eJIEKTPOHHOI IIapu:

Na- + -Cl: — Na:Cl:

Ane Harpi#i i X10p 3HAYHO BiApi3HAIOTHCS 3a €JIEKTPOHEraTUBHICTIO,
i arom XJIopy HaCTiIBKYW CUJBHIIIIE IPUTATYBAB OUW CIJIBHY €JIeKTPOHHY
mapy, I0 BOHA IIOBHICTIO Iepeiiinaa 0 40 HbOTO, a aromy HaTpiio BiKe
He Hajexkasma 0. Tomy eJgeKTpoH, [0 IepedyBaB Ha 30BHIIIIHROMY pPiBHI
aroma Harpito i MaB yTBOPUTH CHIJIBHY €JeKTPOHHY IIapy, oapasy Iepe-
XOAUTH y MOBHY BJIACHICTH aToMa XJIOPY 3 OJHOYACHUM II€PETBOPEHHAM
IMUX aTOMiB Ha HOHU.

OTxe, MOHHUIN 3B 30K MOKHA POSIVIALATH K KpalHIll BUIaIOK
KOBaJIEHTHOT'O HOJIAPHOTO 3B’S3KY, KOJIM CIIiJIbHA eJeKTPOHHAa Iapa

=)
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Man. 20.3. 3anexHicTb TMMy 3B'A3KY Bif Pi3HWLi eNeKTPOHeraTMBHOCTEN eNleMeHTIB:

a — KOBAJIEHTHUI HEMoONAPHUIA 3B'A30K; 6 — KOBAJNIEHTHUI MONAPHUIA; 8 — WOHHUIA

HOBHICTIO mepeiIja OO0 OZHOTO 3 aToMiB. VOHHUI 3B’A30K icHye MixK
aToMaMu eJIeMeHTiB 3i 3HAUHOIO PiBHUIIEI0 MiK 3HAUEHHSAMMU 1X €JeKTPO-
HeraTUBHOCTE.

Mixk aTomMaMM OJHOIO HEMETAJiuHOTO eJieMeHTa, 3BHUYaAlHO, icHY€E

KOBaJIeHTHUI HemoJsapHuUil 3B’a30K (mas. 20.3a). (IHomi HemoaspHUM
yBasKaloTh TAKOMK 3B’S30K MijK aToMaMu Pi3HUX HEMETATIUHUX eJIeMEeHTiB
3a YMOBU, IIIO PiBHUIA MiK eJeKTpoHeraTuBHOCTAMU esieMeHTiB (AEH)
He mepesuinye 0,4.) Axmo x AEH menma 3a 2, To 3B A30K yBaKalThb
KOBaJIeHTHUM NoJApHUM (May. 20.36). YMOBHO BBa)KalTh, III0 3B A30K
€ tiouHuM, axiro AEH mepesuirye 2 (man. 20.38).

JliHesicmuyHa 3a0aya

Y nepeknagi 3 rpeubKoi KAMa 03Havya€ «BHNU3», aHA — «AOTOPU», iOH — «TOW, O Nae».
LLlo, Ha Baly AyMKY, O3HaualoTb TEPMiHM «KATIOH» Ta «aHIOH»?

1'/'(?\ BucHoBKM

®
1. MoHHMIn 3B'A30K iCHYE B PEUOBMHAX, YTBOPEHNX €fIeMEHTaMI 3i 3HAUHOK

pi3HMUel0 enekTpoHeraTuBHocTen. [1ig yac B3aEMOAiT peyoBuMH, yTBOpe-
HUX TaKUMK efleMeHTamu, BiiOyBaEeTbCA NOBHa Nepeaya eneKkTPoHiB Bif



§ 20. VoHHwit 38'A30K

aTOMiB MeTaniyHNX eNemMeHTiB A0 aTOMIB HeEMeTaniyHNX efleMeHTIB 3 YTBO-
PEHHAM MPOTUNEXKHO 3apALMKEHMX NOHIB.

PeuoBMHU 3 NOHHMM 3B'A3KOM iCHYIOTb Yy BUMMAAQI KPUCTaNIB, y AKX MO3U-
TVBHO 3apAQXeHi NOHM OTOUYEHI NMEBHO KiNIbKiCTIO HEraTUBHO 3apAdMKEHNX
VIOHiB | HaBNakm. VIoHHMI 3B'A30K peanisyeTbca 3aBAAKN eneKkTpoCTaTUUHO-
My MPUTAFaHHIO NPOTUNEXKHO 3aPALKEHNX MNOHIB.

O KOHTpONbHi 3anuTaHHA

1.

2.
3.

AKnI 3B'A30K Ha3MBaloTb NOHHMM? HaBegiTb NpuKnaam Crnonyk i3 NMOHHUM
3B'A3KOM.

AIK MOXHa Bifjpi3HNTV NOHHUI 3B'A30K Bifj KOBAIEHTHOrO MOAAPHOro?
CohopmyntoinTe fBi BiAMIHHOCTI NOHHOMO 3B'A3KY Bif KOBANEHTHOrO.

3aBAaHHA OANA 3aCBOEHHA Martepian
@ 71} A piany

7%,

YM NpUHLUMNOBO BifPi3HAETbCA KOBANIEHTHNI 3B'A30K Bif NOHHOro?
Hasepitb mo aBi dopmynu cnonyk, y akux OKcureH yTBOPIOE 3B'A30K:
a) NOHHWIA; 6) KOBaNEHTHUM.

BuvnuwiTe i3 nopgaHoro nepeniky B oKpemi CTOBMNUUKM GOPMYNN CMONYK,
y AKUX XiIMIYHWIA 3B'A30K: a) KOBANEHTHUI HENonsipHUiA; 6) KoBaNeHTHWIA
NONAPHWIA; B) NOHHWI.

H,, HBr, Na,0, Ca0, CO,, CO, 0,, NO,, K;N, NH;, N,, NF;, F,, OF,, MgF,.
306pasiTb Cxemy yTBOpPeHHA MOHIB Ha Mpuknagi: a) kanii ¢nyopuay KF;
6) marHiin okcuay MgO; B) antominii 6pomigy AlBr,.

Ha mantoHKy 306pakeHa mMopaenb KpucTany anomiHin nyopupay. BusHau-
Te, CKifIbKM IOHIB OTOUY€E KOXHMI NOH AntomiHito Ta noH Onyopy.

MoACHITb, YOMY 3HaHHA 3HaYeHHA eNeKTPOHeraTMBHOCTI eNeMeHTIB Crosy-
YeHVX aTOMiB [O3BOJMAE 3pOOUTM BUCHOBOK OO TUMY XiMIYHOTO 3B'A3KY
MiX HAMMN.

MOHATTA «BaNeHTHICTb» HEKOPEKTHO 3aCTOCOBYBaTW AJ/1A €IEMEHTIB Y CKNa-
Ai MOHHMX cnonyK. AK B BBaXka€Te, AKI NPUHLUMMOBI BiAMIHHOCTI PeYOBUH
i3 KOBaNEHTHUM Ta MIOHHMM 3B'A3KOM 3YMOBJIIOIOTb TaKy HEKOPEKTHICTb?



Man. 21.1. a — KBapy, SiO2 Ma€e
KpUCTaniyHy CTpykTypy; 6 — CKNo
3 TUM CaMUM XiMiYHMM CKNagom
nepebyBae B amopdHOMY CTaHi

§ 21. bypoBa TBepANX pe4yoBUH Ta iXHi BNacTUBOCTI

MpurapanTe:

* Y TBEPAUX PEYOBMHAX Ta PiANHAX YACTMHKM (@TOMM 1 MONEKYN) PO3MILLEHI LWiNbHO,
y rasax MosneKynn po3milleHi Ha BiiCTaHAX, 3HAUYHO GifblKX 33 PO3MIPU MOJEKY;

+ TemnepaTtypa MnaBfeHHA — Lie TeMnepaTtypa, 3a AKOI TBepAa PeYOoBMNHa NePexoamnTb
Y PifKnIA arperatHUN CTaH (NaBUTbCA), TemnepaTtypa KUMiHHA — Le TemnepaTypa,
3a AKOI piKa peyvyoBMHa KUMUTb;

* NIABNEHHA Ta KUMNiHHA — ue ¢i3nyHi npouecn, BoHW BigbyBaTbcA 6e3 3MiHK
XiMiYHOrO CKnagy peyoBMH.

KpucTaniyHi n amop¢Hi peyoBnHU

/"‘Y‘W Binpmricts pedvyoBMH, IO HAC
OTOYYIOTH, 3a 3BUYAMHUX YMOB IIe-
,L*_‘_:’ ﬁ’ 3 pebyBaiOTh y TBEPIOMY arperaTHOMY
T craHi. TBepai peuoBUHU Pi3HOMAHIT-
1\’,1_‘_1\‘\;} Hi 3a (PiBMYHUMU BJACTUBOCTAMMU:
MalTh PiBHUN KOJip, MOXYTb OyTH
MIiMHUMU YU KPUXKUMU, MOMKYTh
IPOBOAUTU €JEeKTPUUYHUUA CTPYM,
IJIaBUTHCA 3a KiMHATHOI TeMIiepa-
Typu abo Ay’Ke BUCOKOI.
3a BHYTPiNMIHBLOIO OYIOBOIO
" (pisMYHMMU BJIACTUBOCTAMU PO3-

a

Kpucramiuni peuosunm: PiBHAIOTH ABa CTAaHU TBEPAUX PEUO-

* CTPYKTYPHI oguHUI BUH: aMOP(HUN i KpUCTATIYHUIA.
posTaloBaHi B 4iTKOMY ¥V kpucramiyHUX pPEeYOBMHAX UaC-
IIOPALKY; TUHKH, 3 AKUX T00yZOBaHI KPUCTAIH,

* MaroTk IIeBHY TeMIIepaTypy pos3MiIleHi B IIPOCTOPi B IEBHOMY YiT-
I[IJIABJICHHS;

KOMY HOPALKY. SIKII0 depes IeHTPU
WX YACTWHOK IIPOBECTU YSABHI JIiHII,
TO MU IT00AaUYMMO TIeBHi I'PaTKU, SKi Ha-

YTBOPIOIOTH KPUCTAIN
neBHOI opmMu

3UBaIOThb RpHCTaJIi‘IHHMPI rpaTRaMPl.

AmopdHi peuyoBuHu:

CTPYKTYPHi OAUMHUIIL B KPUCTATIUHIX

CTPYKTYDHI ofuHMI peuoBMHAX YTBOPIOIOTH IIPABUIbHI
posramoBani reomerpuuHi Qirypm (man. 21.1a).
HEBIIOPALKOBAHO; AmopdHi peuoBMHM He MaOTh
[LIaBAATbCA B iHTepBami yiTKOI NpPOCTOPOBOI CTPYKTYpH,
TeMIIepaTyp; a YTBOPEHi 3 HEBIOPAAKOBAHUX YaC-

mig yac HarpiBaHHSA

) TUHOK (aTOMiB UM MOJIEKYJI). 3a BHY-
PO3M’ AKIIYIOThCA

TPIITHBOIO GY/IOBOI0 BOHM HAraayioTh
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a 6
Man. 21.2. a — KpucTaniuHa cipka; 6 — amopdHa nnacTnyHa cipka

pinunu, ajse He MOXyTb TekTu (Man. 21.16). Ha Bigmimy Bim xpucra-
JIYHUX PEedYoBUH, IO MAIOTh IIEBHY TeMIepaTypy ILJIaBJIeHHs, amMopdHi
PEUYOBUHMU ILIABJIATHCA B MIMPOKOMY iHTepBaJi Temmeparyp. Ilig gac ma-
rpiBaHHA BOHU IIOCTYIIOBO PO3M’ SIKIITYIOTHCS i, HAPEIITi, CTAIOTh PiAKUMMH.
AmopdHUM peuoBHMHAM, AK i pifmHAM, MOKHA Hajzatu Oyab-aKo0l dopmu.

IIpukaagamMu aMOpPPHUX PEUOBUH € CKJIO, CMOJU, OYPIITHUH, 3aCTUTJII
Jaku, papbm Ta Kiei. [ledKki peuoOBMHUM MOMKYTH IlepedyBaTu AK y KpHC-
TaJiyHOMY, TaK i B aMoOp(HOMY CTaHax, HaOpuKJan cipka, cumimiin(IV)
OKCH/ TOII0. 3BUUaiiHA IPUPOIHA CipKa YTBOPIOE ACKPaBi »KOBTi1 KpucTaiu,
a mig yac HarpiBaHHS BOHA YTBOPIOE aMOP(MHY CMOJIOMOAIOHY IJIACTUUHY
cipry (max. 21.2).

Tsepai peuoBUHEN MAalOTh HePEBaKHO KpUCTATIiuHy OyaoBy. Koskmin
KpHUCTaJIiYHIA peyoBUHI BJlacTUBA XapaKTepHa IJd Hel (popMa KpuCTaJiB.
Hamnpukaan, kpucranau kyxounuoi coii NaCl matoTs hopmy Kyba, KamgifiHol
cexnitpu KNO, — npusmu, amominiesnx ranynis KAI(SO,), — oxTaenpis
Tormo (masi. 21.3). SKIMo KpucTadiuyHy pedYoBUHY HOAPiOHUTH, TO BCi
KpucCTaJI1 PO3NafaloThCAd HA OKPeMi IMIMaTOYKU, KOXKEH i3 AKuX 30epirae

Man. 21.3. KpucTaniuHi peuoBuHn MoxyTb Oyt pisHoi popmu. Yacto BOHM MatoTb
BUINAL NPaBUIIbHUX reoMeTpuyHmX oiryp
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xoya 0 YacTKOBO (POPMY MOUYATKOBOTO Kpucrauay. Ile cBiguuTs mpo Te,
110 KPUCTAJIUYHUN CTaH XapaKTepPU3yeEThCA YIOPAIKOBAHOIO CTPYKTYPOIO.

3aJie’KHO BiJi YaCTWMHOK, IO YTBOPIOIOTH KPUCTAJ, i Bix Tmmy Ximiu-
HOTO 3B’fBKY Mi’K HMMMU, PO3PIBHAIOTH TaKi TUNN KPUCTATIUHUX I'PATOK:
MOHHI, MOJIEKYJIAPHIi, aTroMHi (iHoai iX HasMBaIOTh HAAMOJEKYJIAPHUMMN),
MeTaJiuHi.

VIoHHI peyoBuHM

YV Byssax HOHHUX KPHUCTAJIUHUX I'PATOK poaMmimieHi ionum. PisHo-
NMeHHi OHM, 3 SKMX CKJIALAIOTHLCA HOHHI KPUCTAJAMN, YTPUMYIOTHCS pa-
30M CHJIAMU €JeKTPOCTATUYHOTO NPUTATaHHA. HaBKOJO KOKHOTO HOHA
B WOHHUX KPHUCTAIIUHMX Tr'paTKax mepedyBae MeBHA KiJIbKicTh iHIIIHUX
(mporune:xHux 3a sHakoMm) (masn. 21.4). Monni kpucramiuni rpatku xa-
paxTepHi AJd pPEeUYOBUH i3 MOHHUM 3B’ SI3KOM.

V HoHHHX KpHCTaJaX yci MOHW CHJIBHO IPUTATYIOTHCS OOUH IO OX-
HOro. AOu 3pyIINTH HOHU 3i CBOrO MicIid, HeOOXigHa BeJMKa KiJIbKicTh
emeprii. 3aBAAKM I[bOMY HOHHI CIIOJIYKHU 3a
KiMHATHOI TeMIlepaTypu TBepAi, a ILIaB-

JATBECA 1 KUIIATHL JUIIEe B pasi CUILHOIO Monni peyoBunu:
HarpiBauHa (quB. omatox 1). + y Byajax I'DaTOK —

PeuoBuHU 3 HOHHIMU KPUCTAIIUYHIMUI HoHu (kaTioHM i aHio-
rpaTKaMy HeJeTKi, ToMy He MaloTh 3ama- HK);

* TUO 3B’ABKY — WMOHHUIA;

xy. VIoHHi KpucTaim KPUxXKi, OCKiJIbKY Ha- - ) .
* TBepAl, KPUXKI, HeJIeTKI;

BiTh HEBeJIWKUH 3CYB IMIapiB y KpucTati

abymKae o O OJHOTO OJHONMEHHO * TYTOTLIABKI;
HabJ . .',HHH A . AHOT AHOUM HH s IeAKi POSUMHSIOTHCS
3apAAKeHl NOHU, BIANITOBXYBAHHA MixK y Bopi

AKUMEU OPU3BOIUTHL A0 IIOCJA0JIEHHSA IIPU-

Man. 21.4. Mogenb 6ynosu Man. 21.5. Mig yac 3mileHHA WapiB y NOHHUX
PEYOBMHN 3 NOHHUMUN KpUCTa- KpucCTanax OgHOMMEHHO 3apAdKeHi MOHM 3aMiCTb
NiYHUMU TpaTKamMm NPUTAraTACA BiALWTOBXYIOTbCA OAVH Bif, OOHOrO,

i KpycTan pymHyeTbCA
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TATAaHHA i, K Pes3yJbTaT, A0 IOABU TPIIIMH y KpuUcCTaji abo HaBiTH 10
tioro pynuyBaHHa (Maua. 21.5).

Y TBepAoMy cTaHi MOHHI CHOJIYKU He IPOBOAATH €JIEKTPUYHOTO CTPY-
My, OCKiZmbKM BCi HOHM KOPCTKO 3aKpimjeHi Ha meBHOMY Micii. Aue
AKIIO HATrPiTH ¥ PO3IJIABUTH TaKi peuoBWHU ab0 PO3UMHUTU Y BOMi, TO
BCi IOHU CTAlOTh PYXJUBUMU, i TOMY POSILJIaBU Ta PO3UMHU MOHHUX CIIO-
JYK mo0pe IPOBOAATH €JIEKTPUYHUUA CTPYM.

MonekynAapHi peyoBuHM

Y By3sax MOJEKYJIAPHUX KPUCTATIUHIX I'PATOK PO3MiIeHi MOJEKYJIU,
CIIOJTyYeHi MisK c000I0 CJIa0KMMU MizKMOJIEKYJIAPHUMU cuiamMu. HampukJiia,
JIO CKJamaeThbecA 3 MoJIeKyJs Bomu (masa. 21.6a), a Kpucranau Gpomy (Mal.
21.60) cknanaioThCA 3 JBOATOMHHUX MOJIeKyJs Opomy Br, (man. 21.6s).

MonexkynapHi KpucTaJdiuHi I'PaTKM BJIACTHUBI pedyoBHMHAM JIHIIE 3 KO-
BaJICHTHUMU 3B’ SIBKaMU.

Oxpemi MOJIEKYJIH, [0 po3Mimeni y By3- Momexynspsi
Jax KPHUCTANIUYHUX I'PATOK, YTPUMYIOThCH pedoBuHM:
MiX c000(0 CIAOKMMM MIiXXMOJIEKYJIAPHUMU « y BysJIax I'paTox —
B3a€EMOJiAMU, 3HAUHO CJIAOIIMMMU, HiXK KO- MOJIEKYJIN;
BaJIeHTHUI 3B A30K y MOJIEKYJai. IX Jerko + cuabKa MiKMOJEKY-
3pyAHYBATH, TOMY PEUYOBMHU 3 MOJIEKYJIAP- JIIDHA B3AE€MOJA1A;
HUMH I'PaTKaMMU KPUXKi I MarmTh HEeBHCOKI * KPUXKIL, JIETRI;
TeMIIlepaTypu ILIABJeHHS I KUIOiHHA. BaraTo * JIEPKOILTaBK1; ,
. . . O3UMNHAKTHCA BOI1
PEeYOBUH i3 MOJIEKYJIAPHUMU KPUCTATIUHUMU p . y BOR
o abo B iHIIUX POBUUH-
rpaTKaMu 3a 3BUYAHHUX YMOB IIepe0yBaioThb HUKAX
y pigzkomy abo raszomomibHOMY cTaHax (XJop,

a 6 8

Man. 21.6. Y By3nax MONeKynApHUX KPUCTaniuyHMUX FPaTok pO3MilleHi OKpeMmi MoneKynu:
a — KpWCTaniyHi rpaTki Boan (nbogy); 6 — Kpuctanu 6pomy;
8 — KpuUcCTaniuHi rpatkn 6pomy

107



TEMA 2. XIMIYHWIA 3B’A30K | BYOBA PEYOBMHN

rigporeH xJjopuj, KUCeHb — Tasu; Boja, cyJib()aTHa KUCJIO0TA, OpraHiuHi
POSYMHHUKU — pigmHHI).

Heari 3 MOJIEKYJISAPHUX PEUYOBUH IIii Yac HarpiBaHHA NePEXOAATh
i3 TBepAOTO B TasomOAiOHWII CTaH, MUHAIOUM PIAKUN (cybnimyromv), Ha-
OpuKJIag #HoJa, BYTJIEKUCIUN ras, Ha()TaTiH.

OTiKe, PeUOBUHU 3 MOJEKYJAPHUMU I'DAaTKAMU € JeTKUMU, 3aBAAKU
YoMy OeAKi 3 HUX MAalOTh XapaKTepHuil 3amax. MoKHa HaBiTh CTBEPIKY-
BaTU: AKIIO PEUOBUHA Ma€ 3arax, TO I[e PEUOBUHA MOJIEKYJIAPHOI OyI0BH.

MoaekynapHi pedyoBMHU 3JAaTHI po3uumHATHCA. edAKi 3 HUX pol3uu-
HAIOThCA Yy BOAi (AMB. TaOJMUIlI0O PO3UMHHOCTI HaA (Qopsarmi 2), immi —
B OpraHiuHMX po3umHHUKAaX. MoJeKyiaum He MicTaThb BiJIBHUX HOCIiB
€JIeKTPUYHOTO 3apANy, TOMY aHi B PifKOMYy, aHi y TBepJOMY CTaHi MO-
JEeKYJSAPHI PeUOBUHU €JeKTPUUHUN CTPYM 3a3BUYANl HE IIPOBOAATH.

PeuoBnHN aToMHOI 6ynoBYU

AToMHI KpucTaju MamTbh I'PAaTKH, YTBOPEHI 3 aTOMiB, CHOJYUYEHUX
OOWH 3 OJHMM MIiITHUMH KOBAJEHTHMMMU 3B’sa3KaMu. ¥ Takiii OymoBi He-
MOJKJIMBO BUMIJIUTU CTPYKTYPHY OAUHUILIO, AKY MOKHA Ha3WBATHU MOJIE-
KYJIOI0, KOKHHUN KPUCTAJ € OJHIi€I0 BEJUKOI «MOJEKYJIOH».

106 spyiiHyBaTu MiIlHIi KOBaJIEHTHi 3B’A3KM B aTOMHUX KpUCTaJIid-
HUX T'paTKax, HeoOXifHA BeJmKa KigbKicTh eHeprii. Uepes 1ie peuoBUHUI
3 ATOMHUMY KPHUCTAJIIUHNMU I'PATKaMU MalOTh AyKe BHCOKi TeMIlepaTypu
IJIaBJeHHA ¥ KUOiHHA. BoHM Hepo3umHHI y BOAI Ta B iHIINX PO3UUH-
HUKAax.

a 6
Man. 21.8. KpuctaniuHi rpatkm
Man. 21.7. Anmas (a) i ksapy (6) rpadity — Le oKpemi wapwu
YTBOPIOIOTb TPUBUMIPHI aTOMHI KpUCTanivHi rpaTku 3 aTtomiB KapboHy
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3MimieHHA aToMa 3i CBOTO MicIisd B Kpuc- .
. o PeuoBuHM aTOoMHOL
TaJi IPUBBOAUTH OO PYHWHYBaHHS KOBAJEHT- Gy moBI:
HOro 3B’sI3KY, a IJIs I[bOro HeoOXigHo GaraTo .y Byamax rpaTox —
eHeprii. Tomy pedoBUHU 3 aTOMHHMU I'DaTKa- aToMu;
MU OyKe TBepIi, HeIJIaCTUUYHI ¥ HEeKPUXKi.  TWUI 3B’ABKY —
KinacuuuuM npuKIagoM PeUOBUHU 3 aTOM- KOBaJIeHTHUIA;
HUMHU KPUCTAJIYHUMMU I'PAaTKaMU € ajMas — * Ry'Ke TBepAi,
HaWTBep/ilIa peuoBMHA 3 ycix Bimomumx (mai. HEJIETKI;
21.7a). TlomiGHi rpaTKM YTBOPIOIOTH ATOMH * TYTOILTABKIL;
Cuniniro # Okcureny y kBapui (Man. 21.76). * HE POSHUNHAIOTECA
. . N B KOJHOMY
I'pagiT Taxko:xk mMae aToMHI KpucTaaiuxi
. . . . PO3UUHHUKY
rpaTku, aje, Ha BigAMiHyY Bim aamasy i KBap-

my, y rpadiri aromu KapOGoHy B Kpucramiu-

HUX I'PaTKax po3MillleHi mapamMu, aKi caabKo

crmosiyueHi ogwH 3 omHuM (Maja. 21.8). 3aBAAKH IbOMY IIapu JIETKO
3CYHYTH OJAWH BiIHOCHO OJHOIO, AKINO IOKJIACTH HABITh HEBEJIUKUX
3ycuiib. IlUM TOACHIOIOTHCA «IIHUINYYi» BJIACTHUBOCTI rpadiry.

Oopma KpucTtanis y feAKMX PeUYOBUH € HACTINbKMN XapakTepHOIo, WO 3a
Helo MOXKHa BUABAATY IX y CyMiwi. Tak, HaNpuKnag, y KPUMiHaniCTUYHIn
ximii 3a dopmoto Kpuctanis ineHTUPIKYIOTb AeAKi OTpyTW N ankanoigu
(HAPKOTMYUHI PEYOBUHN).

[peubke CNOBO Kpucmasioc, Bif AKOro MOXOAATb C/IOBA «KpWCTai» Ta
«KPULLTasIb», O3HAYaE «Nig». BOHO NOXOAWTb Bif rpeLbKoro Kpioc — «Xo-
nop» abo «Mopo3». CTapofaBHi rpeKkn BBaXkanu, WO 3BUYAHUIA Nifg, AKURA
iCHY€ B ropax 3a CUIbHUX MOPO3iB, i3 YaCOM KaM'AHIE | BTpaya€ 3[4aTHICTb
TaHyTW. AHTMYHUIA ¢inocod ApucToTenb MucaB, WO «KPUCTAMIOC Ha-
POOXKYETbCA 3 BOAW, KON BOHA MOBHICTIO BTpayae TenmnoTy». Ha gymky
rpeKiB, MpCbKNA KpUwTanb — Lie CUIbHO 3aMep3nni Nig,.

JliHesicmuyHa 3adaya

lpeubKo MOBOK 0AMACMA O3HAYaAE «CKOPEHHA, MPUBOPKYBaHHA», 0aMao — «po3-
TPOLLYO», BiNOBIAHO, a0amac — «He3naMHuii». A B nepeknagi 3 dpaHuy3bkoi brilliant
03Hayvae 6nncKkyumnin. BrucnosTe CBOK OYMKY, 3aBAAKU AKMM BIaCTUBOCTAM BifoMWIA
MiHepan anma3s 6araTbMa MOBaMM Ha3MBalOTb aflaMaHTOM, a 0Opo6NeHNin anmas Ha-
31BaOTb AllaMaHTOM ab0o 6PUSIbAHTOM.

lpeLbKoo MOBOI amMop@oc 03HAUAE NOTBOPHUIA, 6€3GOPMHII, HEKPACKBWIA, raHEOHNIA,
Mep3eHHMI. Yomy, Ha Bally AYMKY, aMOpHi peYoBMHM OTPUManu came Taky HasBy?



TEMA 2. XIMIYHWIA 3B’A30K | BYOBA PEYOBMHN

JNIAGOPATOPHUI JOCNIA Ne 1

O3HanomneHHa 3 Gi3MYHUMN BNaCcTUBOCTAMM PEYOBUH @
aTOMHOI, MOJIEKYNIAAPHOI Ta MOHHOI Gyf0BM

O6na0HaHHsA: HATPIBHUI IIPUJIAL, IIITATUB i3 MPOOipKaMu, IINIATENb,
MMOCYAWHA IJIA HarpiBauH4A (3ai3Ha JIOYKeUKa, BeJIUKUI IIIIIaTe/ b
a00 npobipKu 3 IPoGipKOTPUMAUEM), CTYIIKA 3 TOBKAUUKOM.

Peaxmusu: Boza, IIyKop, KaJriii cyabgdar (abo iHIma ciJb, 110 He YTBOPIOE
Kpucrajyorigparis), cuminiii(IV) oxcup.

IIpaBuna Oe3mexn:

* BUKOPUCTOBYUTE HEBEJUKi KiJIbKOCTI peakTHUBiB;

- ocTepiraiiTeca MOTPANJIAHHA PEaKTHBIB Ha OIAr, IIKipy, B 0ui;
* HarpiBaHHA 3AiMCHIONTE 3a JOMOMOIOI0 CIIeiaJbHUX TPUMAaUiB.

1. JMocaim:xeHHS PO3YMHHOCTI PEUYOBHUH y BOmi. ¥ TpHU IpPoOipKu Ha-
JauiiTe Mo 2 MJ BoAM. BHeciTh ImareseM y IIepINy IPOOipKYy HEBEJIUKY
KIJBKiCTh MIYKPY, Y APYTY — KaJiil cyabdary (HaTpiit xjaopuny), y Tpe-
Ti0 — cuiainifi(IV) okcunmy. IIpobipxu crpycHiTh. BusHauTe 3maTHicTh
PEYOBUH A0 POSUMHEHHH.

2. HMochimskeHHA MJIABJICHHS PEYOBUH. Y TOCYAUWHY JIsI HarpiBaHHA
MOMiCTiTh HeBEJIWKY KiJbKiCTh IIyKPY Ta BHeCiTh y moaym’s. Buszaute
3IaTHiCTh, peuoBHHM maaButucA. IloBTopiTh mociix is Kasifi cyabdarom
(marpii xymopugom), curiniin(IV) oxcumgom.

3. HocaimsxeHHa KpuUXKOCTi pedyoBuMH. KPUXKi peuoBMHU [ITOCUTH
JIeTKO IOAPiOHIOITHCA B CTyIIi. HeBequmKy KigbKicTh IHyKpy moMmic-
TiTh y CTYIKY Ta CHPOOyHTe MOAPiOHMTH TOBKAUuMKOM. BusHauTe 3mart-
HicTh IYKPY Oo noxpibuenns. IloBTopiTh mocain i3 Kauiii cyabpaToMm Ta
cuniniz(IV) oxcumgom.

4. PesyiabTaTu mOCHiMKeHb 0QOpMTe Yy BUIVIALL TaOAUIl Ta 3pobiTh
BUCHOBOK IIOJ0 TUIY KPUCTAJIUHNX I'PATOK HOCJIIIMKEHNX PEYOBUH.

XapaKkTepucTHKa ITyxop Kaumiit cynbepar | Cuainiin(IV) okcum

PosauunnicTs y Boxai

31aTHICTD [0 MIaBJIeHHSA

Kpuxxkicts

Bynosa peuoBurmI




§ 21. bygosa TBepANX Pe4yOBUH Ta iXHi BNACTUBOCTI

)

7‘@{ BNCHOBKM
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Qi31yHi BNacTMBOCTI PEYOBMH 3yMOBJIEHi TUMOM XiMiYHOrO 3B'A3KY Ta Tu-
NOM IXHIX KPpUCTaniYHMX rpaTokK.

XapakTepucTumka Tvn KpucTaniyHUX rpaTok
PEHOBIH VoHHi MonekynspHi ATOMHi
Tvn 38'A3Ky VioHHNin KoBaneHTHuin (y mo- | KoBaneHTHuiA

neKynax) Ta cnabka
MiXKMOneKynapHa
B3a€EMOAiA

Tvin YacTUHOK
y By3fax rpaTtok

PisHOMMeHHO 3a-
pALMXeHi NoHN

ATOoMU, WO MiLHO
cnonyyeHi ognH

Monekynu peyosuH,
Lo cnabko B3aEmo-

LitoTb Mi>K cO6010 3 OHUM
Temnepatypu nnas- | Bucoki Husbki [ly»e BUCOKi
JIEHHSA Ta KUMNiHHA
ArperaTHun ctaH 3a | Teepgai lasw, pianHn abo Teepai
3BMYANHNX YMOB nerkonnaeki TBepgi
JleTkicTb Henetki JleTki Henetki

TBepgaicTb, nnac-
TUYHICTb

TBepai, Kpuxki, He-
NNacTuyHi

Kpuxki, HennactnuHi | [yxe TBepai, Hennac-

TUYHI, HEKPUXKI

3paTHiCTb NpoBo-
ANTN eNeKTPUYHNIN
CcTpym

Y TBEpAOMY CTaHi
He NpoBOAATb,

a po3nnasu abo
pPO3YMHU — Npo-
BOAATb

Binbwictb He npoBo-
OATb, AeAKi € NpoBia-
HuKamu (rpadit) abo
HaniBnpoBigHNKamMu
(repmaHin)

Y TBEpAOMY CTaHi He
npoBoaATb

Po3umHHicTb

BinbwicTb po3umHa-
I0TbCA Y BOAI

Po3umHaoTbCAa y Bogi
260 B iHLWNX OpraHiy-
HWX PO3YMHHMKaX

He po3unHsatoTbea
y BOfli Ta B iHWKX PO3-
YMHHMKaX

Q KOHTpONbHI 3anuTaHHA

1. Ha3BiTb cninbHi BNacTMBOCTI TBEPAUX PEYOBUH.

2.  Yum Bigpi3HATbCA KPUCTaNiyHi pevyoBrHM Big amopdHMx? Haeeaitb npu-
Knagu KpUCTaniyHmx i amopdHUX peyoBUH.

3. Lo 03Hayae TepMiH «KpUCTaniyHi rpaTKn»?

4. AKi iCHYI0Tb TUNN KPUCTaNiYHNX rPaTok?

5. ki ¢i3nyHi BNacTUBOCTI XapaKTepHi Ansi PEUYOBUH i3 KpUCTaniyHMMM rpaT-

Kamu: a) NOHHUMY; 6) MONEKYNAPHUMY; B) aTOMHUMI?

AKMMUN B3aEMOAIAMU YTPUMYIOTbCA: @) aToMM B MoneKyni; 6) moneky-
NN B MONEKYNAPHOMY KpPWCTasi; B) MOHN B MOHHOMY KpucCTani; r) aTomu
B aTOMHOMY KpwucTani?

BukoHanTe HaBYanbHi NpoekTn: N2 5 «BukopuctaHHA KpucTaniB y TexHiLi»
Ta N2 6 «Kpuctanu: Kpaca i KOpucTb».



TEMA 2. XIMIYHWIA 3B’A30K | BYOBA PEYOBMHN

3aBAaHHA ONA 3aCBOEHHA MaTtepian
. 3aepanns p piany

9%,

10*%.

HaBegiTb No ogHOMY MpuKknagy TBEPAMX PEYOBWH, AKI Mif Yac HarpiBaHHA:
a) po3knagaloTbes; 6) NNABNATLHCS; B) CyOnimyioTb.

MoscHiTb, Yomy kBapu SiO, i Byrnekncauii ras CO, matoTb 30BCiM PisHi i-
31YHi BNAaCTUBOCTI, HE3BaXKaloun Ha NOAiOHNIA cKnag.

I3 HaBefleHOro nepeniky BUNULWITL OKPemMo GOpPMyN PeYoBUH i3 KpuUcTa-
NIYHUMM IpaTKamMu: a) aTOMHUMU; 6) NOHHUMU; B) MOMEKYNAPHUMU.

CaBr,, O, (t8.), CuQ, Br, (18.), NaNO,, HCI (18.), Fe,(SO,),, CO, (18.), H,0 (T8B.).
Yomy nnacTuHKa i3 cunilito abo repmaHito nicna cuabHOro ygapy posfita-
€TbCA Ha WMATKWM, a 3 onoBa abo cBuHLU — nuwe gedopmyetbea? Mosc-
HiTb, Y AKOMY BUMAAKY i YOMY BifjOYBaETbCA PYMHYBAHHSA XiMiUHMX 3B'A3KIB.
binuin docdop nnaBuTbca 3a Temnepatypu 44 °C, a yepBoHuin docdop —
3a 3HayHO BULLOI TemnepaTypu. AKNA BUCHOBOK MOXHA 3pobuTK WWoao
TUNIB TXHIX KPUCTaniYHMX rpaTok?

KapbopyHa (cuniuin kapbig SiC) mae Temnepatypy nnasneHHsa 2830 °C i 3a
TBEpPAICTI0 6M3bKNIA [0 anmasy. AKuMiA TR NOro KPUCTaniyHmX rpaTok?
BaHiniH — 6e36apBHa KpucTaniyHa PeYoBUHA 3 MPUEMHUM 3amnaxom. fAKi
KPVCTaniyHi rpaTkn B HbOro?

Jesaka 6e36apBHa peyoBrHa AOOpPe PO3UMHAETLCA Yy BOAI I MaE BUCOKY
TemnepaTtypy nnasfieHHA. BucnosTe npunylweHHa wopo Tuny ii KpucTa-
NiYHMX FpaTok. Y Mae LA peyoBrHa 3anax?

3a TekcTom naparpada NpointCTpynTe B3aEMO3B'A30K MiX cknagom Ta oi-
3UYHUMN BNACTUBOCTAMU PeYvOBUH. [OACHITb NOMYHUIM NaHLor: XiMiYHWN
cKnag — XiMiYHWI 3B'A30K — KpUCTaniuHi rpaTky — GisnyHi BNacTMBOCTI.
3HanAiTb y JOLAATKOBUX Axepenax iHbopmauito Npo nowmpeHi amopoHi
CMonyKu, 30KpemMa cKno, 6ypwtuH Ta 6itym. Aki ¢isnmunHi BnacTmeocTi go-
3BONATb 3pOOMTN BUCHOBOK NPO iX aMopdHicTb? AK ynauBaTb MeToaun
[OOYyBaHHA LMX PEYOBUH Ha HaBKONULLIHE cepenoBuLle?

MPAKTUYHA POBOTA N1

HocnigkeHHA $i3NYHNX BNAaCTUBOCTEN PEYOBMH i3 PisHUMK
TMNamMun KpUCTaniyHUX rpaTok: LyKpy, KyXoHHoI coni, rpadity

O061a0HAHHA: TPU CKJIAHKUN, TPU MeTaJIeBi JIOKeUKH, IIIaTeJ b, Ha-
TPiBHUN TpPUJIaJ, CKJIAHA MAJUYKA 3 TYMOBUM HAKOHEUYHUKOM,
MMOPIEJIAHOBA CTYIKA 3 TOBKAUNKOM.

Peaxmueu: Bona, MyKop, KYXOHHA ClJIb, CTPUIKEHD I'padiTy, IIOPOIIOK

rpadiry.



§ 21. bygosa TBepANX Pe4yOBUH Ta iXHi BNACTUBOCTI

| Upaeuaa Oe3meKu:
® - BUKODHWCTOBYITe HeBeJUKi KiJIbKOCTi PeUYOBUH;
¢ IMiJT yac KOPUCTYBAaHHA HATPIBHUMU MPWJIAJAAMU ITaM’ ATaiTe: rapsadi
W XOJIOOHI ITpeaMeTy MAalOTh OJHAKOBUU BUTJIAIN.

1. HdociaimxeHHS PO3YMHHOCTI peYOBUH y Boxi. BisbMiTh Tpu CKIAHKU
3 Bozmoro. Hacunre: y mepIiry CKJASHKY — OAWH IINATENb LYKDPY, ¥ APY-
'y — OJUH IIIIIaTeJb KYXOHHOI COJIi, ¥ TPETI0O — OXWH IINATEJIb IIOPOIIKY
rpadiry. IlepemimiaiiTe peUOBMHU CKJAHOI HAJIUYKOI 3 I'yMOBUM Ha-
KoHeuHUKOM. CmocrtepiraiiTe 3a mpomecoM PO3UYMHEHHSA PEUOBUH Y BOJI.

2. Jlochim:xeHHs IIaBJIEHHA PedyoBHH. BisbMiTh Tpu MeraseBi Jio-
sKeuKu. IloMicTiTh: y IepIry JOMKeUYKY — IIOJIOBUHY IIIIATeJNsd IIYKPY,
y Opyry — IIOJIOBUHY INIAaTeJasd KYXOHHOI COJi, V TpPeTio — IOJIOBUHY
mnaread mopomky rpadity. HarpisafiTe 1-2 XBUJAMHHN B IOJyM’1 CIIMp-
riBku. CrmocrepiraiiTe 3a 3JaTHICTIO PEYOBUH OO0 ILJIaBJEHHS.

3. HMochimxeHHs KPUXKOCTi pedyoBuH. IIoMicTiTh y HOPIEIAHOBY
CTYHOKY IOJOBUHY Imareas mykpy. CopoOyiiTe po3TepTH PEYOBUHY TOB-
kaumkoM. CriocrepiraiiTe 3a 3gaTHICTIO IYKPY A0 moApi6bHeHHsa. ITIoBTOPIiTH
IocJIig i3 KYXOHHOIO CiJijio.

4. Bu3HaYeHHS TN KPUCTAJIYHUX I'PAaTOK. BUKODPUCTOBYIOUMN 3HAH-
Hs, 3400yTi HiJ yac BUBUEHHS BJIACTHUBOCTEH PEUOBHUH i3 Pi3HUMMU TUIAMU
KPHUCTAJIIUHUX I'PAaTOK, BUBHAUTE, IKI KPUCTAJNIUHI I'PATKU MAalOTh JOCJIi-
IKYBaHI PEUOBUHMU.

5. dopmyJaIOBaHHA BMCHOBKIB. SIK TUI KpHUCTATIiUYHUX I'PATOK YILJIU-
Ba€ Ha BJACTUBOCTI peuoBUH?

Ilepesipme c80i 3snanua 3a memorw «XimiuHuil 36’430k i Oydosa pe-
YOBUHUY.



TEMA 3. KUIbKICTb PEHOBUHMW.
PO3PAXYHKU 3A XIMIYMHUMU OOPMYNTAMUA

Y uboMy po3ini BU fdi3HaeTecs...

e AKMMU oanNHNLUAMN BI/IMip}OIOTb peyvyoBnHN;
¢ LWO Ue 3a 3Bip — MOnb;

* UM MOXHa NnepeniunTu MoneKkynu;

«  AK MOXHa BMMIpIOBaT! Macy Ta 06'em mons;
+  YOMy YMOBU OyBaloTb HEHOPMAaNbHUMU;

+ UM MOXe TrycTuHa OyTu BiAHOCHOIO.

§ 22. KinbkKicTb peuoBuHn. Monb — ogVHNLA KiNbKOCTi
peyoBuHun. Yucno Asorappo

Mpurapante:

* YCi PEYOBMHW CKNTAfAI0TbCA 3 fiyXKe ManeHbKMX YaCTUHOK; HAaIMEHLLi 3 HNX — aToMU,
ANA 3PYYHOCTI MU iX YABMAEMO Y BUMMALI KyNbOK;

+ aTOMU MOXYTb 06'€JHYBaTNCA OAWH 3 OOHMM i YTBOPIOBATU MOMEKYNY;

+ KO’KHa peyOBMHa XapaKTepu3yeTbCA e i NPUTaMaHHUMK MOMEKyIaMm.

KinbkicTb peyoBuHU — @Pi3nyHa BeNNYNHA

Mait:xe Bce, M0 JiloAWHA 0Aa4UTh HABKOJO cebe, BOHA HaMaraeThCA
omucaTy KiJIbKiCHMMEU XapaKTepucTUKamMu. TakK, KOJIWM MU BUTPAYAEMO
BOIY, MU OOUMCJIIOEMO ii 00°eM: CKijabKU JiTpiB (200 KyObomeTpiB) ii Bu-
TeKJO 3 KpaHa. Kymyoun IyKepKH, MU BKa3yeEMO IXHIO Macy: CKiIbKH
rpamiB Tpeba 3BaKkuTH. AJie 3a IIeBHUX 00CTaBUH 3HAHHA Macu abo 00’eMy
Oyme HemocraTHiM. Hampuiiazm, HaM MDOTPiOHO KYIHTHU CTiIBKU S0JVK,
100 BHCTAYMJIO Ha BCiX yUHIB y miKoJi. [JoCUTh CKJIAZHO HA PUHKY IIO-
JIUNUTH THUCAYY UM ABI THCAYI AOJYK. S3HAUHO MPOCTIIINM OyAe MOJiunuTH
AWK A0JYK (3a yMOBH, IO MM 3HAEMO, CKIiJIbKU AO0JYK MIiCTHUThCS
B OZHOMY AMUKY). ToOTO B IIbOMY BUIIaJIKy MU PaxXxyeMO He OKpeMmi
YAaCTUHKU, a KijJbKicTh rpyn (mopiiiii) uactuHoK (Maa. 22.1).

g podyMiHHA XiMiUuHUX ABUII i ITPOIlECiB He 3aBiKIM IIOTPiOHO 3HA-
TH Macy 4m 00’eM peuoBUHU. HacTo AJIsS BU3HAUEHHSA KiJbKOCTI peUOBUHN
HabaraTo BasKJMBillle 3HATU KiJIbKiCTh aTOMIB UM MOJIEKYJ, 30KpeMa IIif
Yyac CKJAJaHHA PiBHAHb XiMIiUHUX peakxIiid.



§ 22. KinbKicTb peyoBuHW. Monb — oAMHMUA KinbKOCTi pevyoBnHW. Yncno Asoragpo

Mopuii yacTMHOK

Man. 22.1. KinbKicHi XxapakTepuctnkm

Jia Bu3HAUEHHA KiJIBKOCTI YaCTUHOK BUKOPMCTOBYIOTH CHEIliaJIbHY
(isUYHY BeIMUYMHY — KiJBKiCTh pe4oBMHH. Ii IT0O3HAYAIOTH JIATHHCHKOIO
JiTeporo n.

Bona mokasye, CKiJIbKH YaCTUHOK (CTPYKTYPHUX OAMHUIIb) PEUOBUHU
MIiCTUTBCA B TOMY YU iHIIIOMY 3PasKy.

g peyoBUH MOJERYJIAPHOI OyZ0BM TaKUMU YaCTUHKAMU € MOJIEKY-
JIX, a JJIs PeUOBUH HEMOJIEKYJIAPHOI OyJ0BM TAKUMU YaCTUHKAMUI MOXKYTh
OyTu aromMu abo HOHH.

KinbkicTb peyoBrHM — i3nyHa BENMUMHA, O XapaKTepPU3YE KiNbKIiCTb CTPYK-
Q.. TYPHUX OOVHNLb PEYOBMHM (aTOMIB, MOJIEKYJ1, MOHIB TOLLO).

e 90

Monb — oanHMUA BUMIPIOBAHHA KiNbKOCTI peYOBUHM

ATtoMu @I MOJIEKYJIU Ay:Ke MaJji, TOMy He OWBHO, IO iX y HAaBKO-
JINIITHBOMY CBiTi HeaJsriueHHa KinbKicTh. HaBiTh y HaliMeHIIIOMY KpuUCTAIi
IMYKPY MiCTHUTBhCA IOHAA MiJbAPA MiJbAPAIB MOJEKyJa. ToMy TpakTUUHO
HEMOJKJIMBO IIepepaxoByBaTH OKpeMi MoJieKyu. 15 BUMiprOBaHHA KiJib-
KOCTi PeUOBWHUW BUKOPUCTOBYIOTH CIIEIliaJbHY OAWHUIII0O — MOJIb.

\‘_ 1 MOSIb — Lie TaKa KifibKiCTb peUoBMHY, WO MICTUTb 6,02 - 1023 CTPYKTYPHUX
¢ OAMVHWLUDb Lji€l pevyoBMHM (aTOMIB, MONEKYJ1, NOHIB TOLLO).



TEMA 3. KINbKICTb PEYOBUMHW. PO3PAXYHKW 3A XIMIYHUMI ©OPMYJIAMU

3aniso, 56 r Minb, 63,5 1

Man. 22.2. ina BMMIpIOBaHHA KiNlbKOCTI

MOX>XHa KOPUCTYBATWCA Pi3HUMMU
OAVHULAMU: ONIBLi paxyloTb LUITyKamu, Man. 22.3. 3paskn peyoBUH KiNbKiCTio
nanip — apkywamu, aToMmu — MOJIAMN 1 monb

Jlo KiJIbKOCTI peuoBMHU CJIiJl CTaBUTUCA, AK A0 3BUYANHOTO UUCIIA,
10 A03BOJIAE€ BUPASUTHU KiJbKiCTh aTOMiB ab0 MOJEKyJl y IEeBHill mopirii
peuoBuHU (Masa. 22.2). ¥ TOMy, III0 OAWH MOJIb PEYOBUHU MiCTUTH TaKy
«eK30TUYHY» KiJIbKiCTh YaCTUHOK, HeMae Hiuoro mespuuainoro. Ilomioui
yucya (abo mopitii) HaM TPaAmASIOTBCA AOCUTH YACTO, i BUKOPUCTOBYEMO
MU iX IJIs BUMipIOBaHHS Macu, 00’eMy, uacy i HaBiTh rpoieii. BinbIiricTs
i3 HUX € mocuTh mpocTuUMU uucjaamu. Hanpukianm, ogHa TOHHA — Iie OfHA
THCSAYa KijsorpamiB, ogmH KyOiuHHII MeTp — OJAHAa THUCAYA JITPiB, OgHA
rogmHa — 60 XBWJIWH, OJHA T'PUBHA — CTO KOIiiloK. ICHYIOTH TakoMX
BeJIMUYNHU BUMIipIOBaHHs, IO He KPaTHi JecsaTu: ogHa g1oba — 24 roguHu,
omHa mIoKMHA — 12 mTyK, ogmH Kapar — 0,2 rpama, a OOZUH CBiT/IOBUH
pik — me maitsxe 9,5 - 1012 kinomerpis.

Y Ko:KHOI PeuOBMHM € BJIAaCHI CTPYKTYpHiI ommuuili. Hampukiaazn, By-
rijus ckianaeTbea 3 aTomis KapGomy, a cipka — 3 moneryn Sg. Tomy
3pasK’ Pi3HUX PEUOBWH KiJIBKICTIO peuoBHMHM 1 MOJIb MalOTh PidHiI mMacu
Ta 00’emu (maj. 22.3).

Yncno Asoragpo

Yucao 6,02 - 1023 maszuBaooTh umcaoM ABOraapo Ha decThb iTasiii-
cbKoro HayKoBIsA Ameneo Asoragpo. Homy came Take ymcjo 0yJio odOpaHe
I BU3HAUYEHHS MoOJA peuoBrHN? CTiIBKM aTOMIB MIiCTHUTBCA Y 3pasKy
BYTJIEI}0 Macoo 12 r, 1110 B Cy4YacHill HayIli BUKOPUCTOBYIOTh AK CTAHIAPT
IJIsI BUBHAYEHHS aTOMHOI OAMHUIII MacK. 3Ba)KaouM Ha Iie, MOXKHA JaTHh
e OfHe BU3HAYEHHS MOJIS:



§ 22. KinbKicTb peyoBuHW. Monb — oAMHMUA KinbKOCTi pevyoBnHW. Yncno Asoragpo

ITaniicbknn ¢isvk i ximik. Hapogmeca B TypuHi
B POAVHI CyAoBOro Ciy»6oBuUA. 3000yB opuany-
Hy OCBITYy, MiCNA YOro CTaB JOKTOPOM LIEPKOBHOIO
3aKOHO3HABCTBA. Y 24 poKM NoYaB CaMOCTIHO BMBYa-
T NPUPOAHUYI HayKu. I3 1809 poky Brknagas y Ty-
PVHCBbKOMY YHIBEPCUTETI Ha Mocagi npodecopa BULLOT
bi3vKn. YBIB y HayKy MOHATTA «MOJEKyna» i «<MOJeKy-
nApHa Bara». Ha OCHOBI BigKPWUTOro HMM 3aKOHY PO3-
pPOOUB MeTOA BU3HAUEHHA MONEKYNIAPHMX i aTOMHUX
mac. Mepwmm 3'AcyBas, wo dopmyna sogn — H,0,
a He HO, Ak yBaxanu paHiwe. BusHaums cknag 6ara-

TbOX PEUYOBMH: BOAHIO, KMICHIO, a30TY, aMOHIaKy, OKCU- NopeHuo PomaHo
pis HitporeHy, ®ocdopy Towlo. Ynepiue npaBusibHO Ameneo Kapqo
BI3HAUMB aTOMHY Macy 6araTbOX efleMeHTIB. 3aK/aB Asoranpo pi
OCHOBM aTOMHO-MONIEKYNIAPHOI Teopii. OpHak ioro  KBapeHba Ai Hepeto
npaui 6yno Bu3HaHO Ha MiXHapogHOMY KOHrpeci (1776-1856)

y Kapncpye 1860 poky nvwie micia Moro cmepri.

e 1 MONb — L& TaKa KiNlbKiCTb peUYOBMHM, Y AKIl KiNbKiCTb YaCTUHOK (aTOMIB uun
:‘.. MOJIEKYJ1) JOPIBHIOE KiNbKOCTi atomi Kap6oHy '2C, Wwo MicTUTbCA B 3pasky
¢ Byrnewo macoto 12 .

Yucny ABoragpo umcenbHO AOpiBHIOE cTana Asoraapo N ,. Ila cra-
Jla, Ha BigMiHy Bix umcia ABOrasipo, BUPayKaeThbCsA B OJUHUIAX HA MOJb
(1/moas a6o moap 1):
N, =6,02 - 102 moxp~!

Il1sa GimbITOCTi pO3paxyHKIiB uncsio ABOragpo OKPYTJISAOTH 10 6 - 1023,

Bigomo, wo oavH atom Kap6oHy Hykniga '>C mae macy 1,9993-10723 1. OTxe, @
y 12 rpamax Takoro Byrneuto KinbKicTb aToMiB KapboHy AopiBHIOE:

Q—PB=6,02.1023

1,9993-10 “ r
I3 Kypcy Ximii 7 Knacy Bam BifjoMO, WO OAHa aTOMHa OAWHWULA Macu Ao-
PiBHIOE 1,66-1072* r. [lobyToK aTOMHOI ofMHWL MacK 11 uncna ABoragpo
OOpiBHIOE 1 T:

1,66-102*1r-6,02.10% =11

ToX, BU3HAUYeHHA mMonA 6e3nocepefHbO MOB'A3aHe 3 BM3HAYEHHAM OAU-
HULi Macu aTomiB i Monekyn, a uncno Aeoragpo € koedilieHTom npono-
PUiNHOCTI MiX Macol aTOMIB Ta IXHbOI BiAHOCHOK aTOMHOK Macolo.
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Po3B’A3aHHA 3afay i3 BUKOPUCTAHHAM KiflbKOCTi PeYOBUHM

3Hapouu craay ABoraapo, MOHA OyAb-IKY KiJIbKiCTL PEUOBMHU BU-
pasuTu B MOJIAX. SIKIIO pedoBUHA MicTUTh N MoJieKyJI (a00 CTPYKTYPHUX
ONWHUIIH), TO KiJIBKiCTh PEUYOBUHU AOPiBHIOE:

n=—
NA

Hasmaku, 3HaOUM KiJIbKiCTh PEUOBMHU B MOJISIX, MOMKHA OOUMCJINTHU
KiJIbKIiCTh YaCTHHOK:

N=n‘NA

3amaua 1. YV kimuaTi mictursca 2,77-1026 momexyn kucaio. O6unc-
JiTh KiJIBKiCTh PEUOBWHM KWCHIO B KiMHATi.

Hano: Pose’aszanna:
N(0,) =2,77 - 1026 o N
n(0,) — ? Ny
26
n(0y) = 2’772310 - =460 mosb
6,02-10°" Mo
Bionoside: n(0,) =460 mos.

3agaua 2. O0uwmcyaiTh, cKinbKu aTomiB Okcureny u Iimporeny mic-
TATHCA Y BOJAI KIJIBKICTIO PEYOBUHU 5 MOJb.

Hano: Pose’asanna:
H,0)=5 N
n(H,0) MOJIb n=" L N=-nn,
N(©O) — ? Ny
NH) — ? B onmi#i moseKysi BOaAM MiCTUTBCA OAUH

arom Oxkcureny i asa aromu Iimporeny.
OT:xe, y 5 MOJb BOOU MiCTUTBCA 5 MOJb
aromiB Oxcureny i 10 mosb aTomiB
Tigporeny. OT:xe:

N(0)=5moub-6-10%3 monp ! =3.10%*
N(H)=10 mousb-6-10?® monp ! =6-10%
Bidnosids: N(O)=3-10%4, N(H)=6-1024,




§ 22. KinbKicTb peyoBuHW. Monb — oAMHMUA KinbKOCTi pevyoBnHW. Yncno Asoragpo

3amauya 3. Y CKJIAHIL MicTUThCS OJM3bKO 11 MOJIB MOJEKYJ BOMU.
O6GUMCHITE KiIBKiCTh MOJIEKYJ yV CKJISHIII.

Ilano: Posé’sa3anns:
n(H,0) = 11 moan nzi:szNA
N(H,0) — ? Ny

N(H,0)=11mou5-6,02-10* mons ' =6,62-10*
Bidnosids: N (H,0)=6,62 - 1024,

JliHegicmuyHa 3a0aya

CroBa «Monb» i «<MonieKyna» MatoTb CMiNIbHUIN KOPiHb | MOXOAATb Bifl NATUHCbKMX CIiB.
CnoBo «monekyna» 6yno TpaHcPopMOoBaHO 3i CIOBOCMOYyUYEHHA MosTec-KopnycKyna abo
Mac-kopnyckysa. Ak B BBaXKa€Te, LLO NIATMHOK 03HAYa€E CJZIOBO «MOmnec»?

+ 3po6UTU BUCHOBOK MPO Te, HACKINbKU BENYE3HE YMCeNibHe 3HAYEeHHs
ctanol ABoragpo, Mo)KHa 3a TakUM MOPIBHAHHAM: MJIOLLa NOBEPXHi HALLOT
nnaHeTy OopisHIoE 510 MnH KM2. AKIWO PiBHOMIPHO po3cMnaT Mo BCii
nosepxHi 6,02 - 103 niwWMHOK AiameTpom nuiwe 1 MM, TO BOHM YTBOPATb
Wap MiCKy 3aBTOBLUKW MOHaA OAVH MeTp.

+Y Haw yvac pobyTto cuniuin ynctotoo 99,9999999 %. Lle o3Hauae, wo
cepen ogHoro MinbApga atomiB Cunilito MiCTUTbCA nULWE OAWH aTOM
iHWoro enemeHTa. BiH oTpMMaHuin AnA fy»e TOYHOro BM3HaYeHHA CTa-
noi Asoragpo.

« B Amepuui HaykoBUi cBATKYOTb [leHb uncna ABoragpo. CBATKYBaHHA
BinOyBaeTbCA Bif 6 roanHn 02 XBUNHW PaHKY 23 XXOBTHA A0 6 roguHu
02 XBUAVHW HACTYMHOro AHA.

”
@ BucHoBKM
-
1.  KinbKicTb peyoBMHU — ofHa 3 Qi3NUYHKX BENMNYUVH, WO LO3BOMAE BUMIPIO-
BaTU KiNIbKICHI XapaKTepUCTNKN peyoBMHN. BOHa nokasye KinbKicTb CTPyK-
TYPHUX OAVHNLb PEYOBMHUN B MEBHOMY 3PasKy.
2. KinbKicTb pevyoBMHM MNO3Ha4aloTb OYKBOK N; OAUHMLA BUMIPIOBAaHHA —
MOfb. Y peuyoBUHI KinbKicTio 1 Mosb MicTUTbca 6,02 - 1023 cTpYKTYpHUX
OAVHMUD L€l peYOBMNHY (aTOMIB, MONEKY, NOHIB TOLO).
3.  Yucno 6,02 - 10% Ha3mBaloTb YMCIOM ABOragpo. BOHO [OPIBHIOE KiNbKOCTI
atomiB Kap6oHy, wo mictutbea B 3pa3Kky Byrneuto macoto 12 r. Crana Aso-
ragpo nosHayaetbesa cumponom N, i gopisHioe 6,02 - 103 monb".
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Q KOHTponbHi 3anuTaHHA

s

[lanTe BU3HaUYEHHSA MOHATTAM «KifIbKICTb PEUOBUHM» Ta «MOJIb».

AKy po3mipHicTb mae cTtana ABoragpo? Yomy JOpPIBHIOE Ti 3HaUeHHA?
3anponoHynTe cnoci6, y AKNA MOXHa HaOYHO MPOAEMOHCTPYBATM, Ha-
CKiNbKM Benvke yncno Asoragpo.

Hasepitb dopmyny ana obuMcneHHA KifbKOCTi PEYOBMHM 3a BiJOMOLO
KiNbKICTIO YaCTUHOK.

3aBAaHHA ONA 3aCBOEHHA MaTepiany

Y noxui Bogn Mictutbca 6nm3bko 0,5 Mosib peyoBUHU. OBUUCHITD Kifb-
KiCTb MONeKyn BOAN B JIOXKL,.

Y cKNAHKY BMilyeTbca 6nm3bko 1,5 monb LyKpy. O6UncniTe KinbKicTb Mo-
NeKyn LUyKpy B CKNAHL,.

Y noBiTpaHin Kyni MictTutbea 6nusbko 0,9 - 1023 monekyn azoty. O6unchith
KiNbKiCTb peyoBuUHM a3oTy (y MOnAX).

BusHauTte KinbKicTb peyoBUHN aTtomiB OKCureHy, WO MICTUTbCA Y Byrne-
kucnomy rasi CO, kinbkicTio: a) 0,5 monb; 6) 2 monb.

O6umncniTh KinbKicTb peuoBKUHM 030HY O, AKLIO KiNbKicTb aTomis Okcure-
HY B HbOMY CTaHOBUTb: a) 3 - 1023; 6) 0,6 - 10'; B) 3 monb; 1) 0,18 Mosb.
Bu3Haute KinbKicTb peyoBMHM aTOMIB KOXHOrO XiMiYHOrO efieMeHTa, Lo
MicTnTbCA B 1 Monb HaBedeHux cnonyk: a) Cly; 6) H,SO,; B) H,PO,; 1) Fe,0;;
A) Ca(OH),.

§ 23. MonsapHa maca

MpuraganTe: 3MiCT NOHATb «KiNIbKICTb PEUYOBMHM» Ta «MOJb» (3a § 22).

B3aeEmMO3B'A30K Mi>K MacOl0 Ta KifbKiCTIO pPeYOBUHM

Mosekyau — Iie YaCTMHKU 3 II€BHOIO, ajie BCe 'K TaKU IysKe Ma-
JIEHBKOI0 Macoo. I AKIo 6es3mocepelHbO BUMIPATU KiJTbKIiCTh MOJIEKYJ
a00 KiJbKIiCTHL PEUOBUMHUM HEMOMKJIWBO, TO MACy OJHOTO MOJISA PEYOBUHU
BUMIpATH IiTKOM peasibHO. Taky macy HasWBaIlOTh MOJSIPHOIO MACOI0
PEYOBUHU.

SKI0 MM 3HAEMO KiJbKiCTh PEYOBUHU N, IO MIiCTUTHCA B TOMY YU
iHIIIOMY 3pas3Ky, Ta Macy 3paska m, TO, PO3AiIWBINU Macy Ha KiJbKicTb
PEYOBUHU, OTPIMYEMO MacCy OJHOT0 MOJIS PEUOBUHU, TOOTO MOJIAPHY Macy:

mm
n



§ 23. MonapHa maca

MonspHa maca — ue ¢i3nyHa BeNMUNHA, WO AOPIBHIOE BIAHOLWEHHIO Macu
~@ peuyoBUHY [0 Ti KiNIbKOCTI.

"&"

Monsapuy Macy mosHAYaOTh BeJNKOIO JiTepoio M i BUMipOIOTE Yy rpa-
MaX Ha MOJIb (T'/MOJIB).

OckinmbKU Iy 3paskKa PeYoOBMHHU KijgbKicTio 1 MoJb Maca OOPiBHIO-
BaTUMe MOJIAPHINA maci, To:

:Q_. MonsapHa maca — e maca peyoBMHM KinbKicTio 1 Monb.
(]

Br3HauyeHHA MOAAPHOI MacK PeYvYoBUHMN

Monapua maca M, BupakeHa B I'/MOJIb, UYMCEJIbHO TOPiBHIOE Bin-
HOCHil MojeKynapHiit maci M,. Il1a IpocTUX PEeYOBMH aTOMHOI Oym0oBH
MOJISIPHA Maca YMCEeJbHO AOPiBHIOE BiTHOCHiNI aTOMHi#T maci.

Xoua mossipHa mMaca M i BigjHOCHa MOJIeKyJisipHA Maca M, MaoTh
OMHAKOBi UMCeJIbHI 3HAUEHHS, Mi’K HUMU € IBi CyTTEBi pos30isKHOCTI:

+ MOJIIPDHA Maca XapaKTepuaye Macy PedoBWHU KiabKicTio 1 MoJib,
TOJAl AK BiHOCHA MOJIEKYJSAPHA Maca — MAacy OJHiel MOJIeKYJIu;

¢ MOJIIPHA Maca He € BIiTHOCHOI0 BeJIMUMHOKI M, Ha BiAMiHY Bin
BiTHOCHOI MOJIEKYJIAPHOI Macu, Ma€ OAWHUILI0O BUMiPIOBAHHA — TI'/MOJb.

PizHi peuyoBmMHM CcKIamarThCA 3 PIBHUX MOJEKYJ, AKi MaOTh pisHi
macu. OTike, SAKIIO B3ATH OeKiJbKa PeYOBUH KiabKicTio mo 1 MoJib,
JEerKo MOMITHTH, IO BOHU BiApPiBHAIOTHCA 3a Macoio i 3aliMaloTh PidHUN
o0’em (man. 23.1). Tax, oguH MOJIb IIYKPY Mae macy 342 r, a oguH
MOJIb BOLH BaKMUTh 18 I — 1le JuIime ABI HEIOBHI CTOJIOBI JIOMKKH.
Y uomy K Tomi momiOHicTh IUX 3paskiB peuoBumH? Y HUX MIiCTUThCS
npubJIM3HO OJHAKOBA KiJbKiCTh MOJIEKYJI, i3 SKMX BOHU CKJAJAIOTHCA.

1 monb 1 monb 1 monb 1 monb
(18 1) (58,5 1) (98 1) (342 1)
I
H,0 NacCl H,SO, Llykop
a 6 8 2

Man. 23.1. Jeski pe4yoBrHM, y3aTi B KiNbKOCTi 1 MOnb: @ — Bofa; 6 — KyXOHHa Ciflb;
8 — cynbdaTHa KMNCNIOTa; 2 — LYKOp
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Y nBox cTosioBUX JOKKax (18 r) Bogu MiCTHUTHCA CTiJIBKU K MOJIEKYJ
Bogu H,0, ckineku moneryn caxaposu C,,H,,0,; vy 342 r mykposoro
micky, a came 6,02-1023 momexyur.

OueBupgHO, 1110 YKM OiJbIlla Maca ongHiel MOJIeKyJu, TUM OijJbIa MO-
JsIpHa Maca PEeUOBHHIU.

BrvkopucToBytoun uncno ABOragpo, nerko JOBeCTU, WO BifHOCHa mone-
KynfipHa Maca Ta MOJiApHa Maca 4YMCeNibHO MatTb 6yTv OAHAKOBUMMW.
PeuyoBMHa KinbKicTio 1 Monb MicTuTb 6,02-102% Monekyn, TOMy MoniipHa
Maca (Maca OZHOro MOJSIA PEeYOBMHM) LOOPIBHIOE Maci OfHIiEl monekynu
(y rpamax), MOMHOXeHin Ha cTany Asoragpo:

M=m

MOJIEKYJIU 'NA

Macy moneKkynM MoXHa TakoX 06YMCIINTK, 3HAKOUN BiGHOCHY MONEKYNAPHY
macy M, pe4oBuHu:

Myonexymn= M, -12a.0.M.

AKIWo 06'egHATU Ui ABa PiBHAHHA, Nam’ATaloun, Wo A0OYTOK aTOMHOI OAU-
HULi MacK Ha uncno ABoragpo OOPIBHIOE OAVHULI, OfepPXKYEMO:

M=(M,-1a.0.m.)-N, =M, -(1a.0.m.-N,) =M, -1 r/moun

Hanbinbwy cepepn BigOMUX PEUYOBMH MONIEKYNAPHY Macy Mae 6inok

TiTUH, MonekynAapHa ¢opmyna AKOTO Ciyoga-Hy e No 00, 000-Sc 0.

Moro monsapHa maca aopisHioe 2 993 442 r/monb, T06T0 1 Monb
PEYOBUHUN BaKNTb Malxe 3 TOHHW.

O6uncneHHA 3 BUKOPUCTaHHAM MONAPHOI Macu

106 o6uymcaUTY KiTBKiCTh PEUOBUHU, HOCTATHBO 3HATH Macy m Ifiei
peuoBmHU Ta ii MoasapHy macy M:

n=—
M
3a 1miero QopMyJIOI0 MOYKHA OOUYMCIANTUA Macy PEYOBMHU B rpaMax:
m=n-M

Hapemrri, aximio Bimomi i maca, i KiiIbKicTh peuoBHMHHM, TO MOXKHA
BUBHAUUTH 11 MOJIIPHY Macy:

mM="
n

Vei mi popMmyam BUKOPHCTOBYIOTH IJIA XiMIiUHUX PO3PaxyHKIB.



§ 23. MonapHa maca

3agaya 1. O6GuuciiTh MOJAPHY Macy KaiabruHoBaHOi cogu Na,CO,.

Poss’azaunsa:

3HaX0AUMO BiJHOCHY MOJIEKYJSIPHY MAacy KaJbIIMHOBAHOI COMIU:
M,(Nay,CO3)=2-A.(Na)+A,(C)+3-4,(0)=2-23+12+3-16=106.

MonapHaa maca uucesIbHO JOPiBHIOE BIAHOCHIN MOJIEKYJIAPHIiN Maci,

orske: M(Na,CO,) =

106 r/moub.

Bidnosiov: M(Na,CO;) =106 r/moub.

3amaua 2. O6UNCJIiTE Macy KaJbIIMHOBAHOI COAM KiJIbKICTIO PEUOBUHU

0,5 MOJB.

Hano:
n(Na,CO,) =
=0,5 M0Jb

m(Na,COg) — ?

3amaua 3. fIxa

Hano:
m(H,0)=1 kr

n(H,0) — ?

Poss’azanna:
m=n-M

O0uucroeMo MOJSPHY Macy comu (amB. 3amauy 1):
M(Na,CO,4) =106 r/monn

m(Na,CO3) =n(Na,CO3)- M(Na,CO;3) =
=0,5Mmo0ab-106 r/Mo1b =53 T

Bidnosids: m(Na,CO;) =53 r.

KiJbKiCcTh peuoBWMHH MicTUTBCA y BOAi Macoio 1 xr?

Posé’azanns:

n=—
M
O0YMCIII0EMO MOJIAPHY Macy BOIM:
MH,0)=2 - 1+16 =18 r/monn
H,0 1
n(H,0) = m(H,0) _ 1000
M(H,0) 18r/moxb

Bidnosidv: n(H,0) = 55,6 mons.

=~ 55,6 MOJIb

3agauya 4. O6umcaiTh KinbKicTs aTromiB Cyabdypy B 3pasKy cipku

Macomo 8 r.

Ilano:
m(S)=8r
N@S) — ?

Posé’sasanns:
O0YnCINMO KiJIbKiCTh PEUOBUHU B 3Pa3Ky:
S 8
n(g)="8) ___8r
M(S) 32r/mouab

3a BUBHAUEHOIO KiJIbKiCTIO PEYOBMHU OOUUCIUMO
KimbKicTs aTomiB Cynasdypy:

N(S)=n(S)-N, =0,25 moss-6-10 moms ' =1,5-10%

=0,25 Mo0ab

Bionoeidv: N(S)=1,5-1023,
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.l./_'
[

BucHOBKM

1.

MonsipHa Maca — ue $i3ryHa BENNUMHA, WO JOPIBHIOE BiAHOWEHHIO MacK
peyvyoBUHMN A0 T KiNbKOCTi. MonApHa Maca — Lie Maca peyoBUHU KiNbKiCTio
1 monb.

MonapHa Maca peyoBMHU 4UYUCENIbHO [OpPIBHIOE BiAHOCHIN Mone-
KynsapHin maci. i nosHaualoTb M i BUMIpIOIOTb y rpamax Ha MOfb
(r/monb).

Q KoHTponbHi 3anuTaHHsA

4

pwn o

[ante BU3HauUeHHA MOMNAPHIA MacCi peyoBUHMN.

Y AKX OBUHMLAX BUMIPIOIOTb MONAPHY Macy?

AIK 3a ximiuHOO GOPMYNOK PEUOBUHW BU3HAUUTK Ti MONAPHY Macy?

LLlo cninbHOro 1 BiAMIHHOIO MiX MOHATTAMM «MOJIAPHA Maca» i «BiJHOCHa
MoneKkynapHa maca»? MNoACHITb Ha KOHKPETHUX MpUKagax.

3aBAaHHA AnA 3aCBOEHHA MaTepiany

—
.

11.
12.

13.

Bu3HauTe MONAPHY Macy KUCHIO.

O6uncniTe Macy: a) BOGHIO KifIbKIiCTIO 2 MOfb; 6) KUCHIO KiNbKicTio 3 MOsb;
B) BOAW KiNbKiCTi0 5 Monb.

O6umcnitb macy: a) 1,204 - 10?2 atomis LiuHKy; 6) 1,806 - 1024 monekyn Kuc-
HI0; B) 6,02 10?" Monekyn cynbdaTtHoi Kucnotn H,SO,.

O6umncniTh MONAPHI Macy peyoBuH 3a ix popmynamu: H,S, NH,, F,, CaCo,,
SO,, NaOH, K,SO,, Fe(NO,),, NaAl(OH),, CuSO, - 5H,0.

O6uuncniTb KinbKicTb peyoBWHKU: @) y 7 T 3ani3a; 6) 21 r a3oty; B) 500 r
Kpenan CaCOy; r) 10 Kkr xapuoBsoi (nutHoi) coaqn NaHCO,.

Aki macu Boan, uykpy C,,H,,0,,, 3on0Ta HeoOXigHO B3ATY, W06 KOXKHOI pe-
4yoBMHU 6yno no 5 monb?

BusHaute mMonApHy macy npocCTOi peyoBUHU, AKLO: @) 7 MOMb 1i MalTb
macy 444,5 r; 6) 3,5 monb ii MatoTb Macy 84 r; B) 0,25 monb 1i MaloTb Macy
8 1. Ha3BiTb Ui peyoBnHMN.

O6uncnitb, Maca AKOro 3i 3paskis peyoBMHYK Ginblwa: a) 3 MOJb KMUCHIO Yn
2 mMonb a3oTy; 6) 5 monb Boau un 1,4 MOnb XS10pY; B) 1 MOMb HEraweHoro
BanHa CaO um 1 monb naneHoi marHesii MgO?

O6UMCAiTb KiNbKICTb MOMIEKYN BOAW, O MICTUTLCA B CKNAHLI 06’€emom 200 mi.
O6uUNCNiTb KiNbKiCTb PEYOBMHM Ta KiNbKicTb aToMiB OKCUreHy, WO MiCTUTb-
cs: @) y 3 Monb cipumnctoro rasy SO,; 6) 40 r migHoi oxapuHmu CuO.

He mictutbea Ginbwe monekyn — y 100 r kucHio O, un 8 100 r o30Hy O,?
3pasok HiTpaTHoi kncnotn HNO, mae macy 122 r. O6unchitb y LboMy 3pas-
KY KiNbKiCTb peyoBMHM: @) HiTpaTHOI Kncnoty; 6) atomis HitporeHy; B) aTo-
miB Figporeny; r) atomis OKcureHy.

3pa3ok cnonyku Kap6oHy 3 FigporeHom macoto 0,8 r mictutb 0,05 Mmonb pe-
YyoBMHW. OBUNCAITL MONAPHY Macy i€l peyoBMHU Ta BMU3HauTe Ti popmyny.

m



§ 24. MonapHuin 06’em

Mpuvrapante:

* ra3u BiApi3HAOTbCA Bif PiANH Ta TBEPANX PEUYOBUH TUM, LLO B HUX MOJIEKYN PO3-
TalloBaHi Ha Ay»Ke BENUKIMX BiACTaHAX, 3HAYHO BiNbLLUMX 3a PO3MIPU CaMMX MONEKYJT;

* Y rasax MONeKy/In pyxarlTbCA WBUAKO i XaOTUYHO, 3aBAAKN YOMY ra3 nparHe pos-
WMPUTACA | 3aiMa€ BeCb AOCTYMHUI NOMYy O6’€M MOCY[UHWN.

3akoH ABoragpo

1811 poky, BUKOHYIOUM UHCJICHHI XiMiuHi eKcIlepuMeHTH 3 Ia3oIlo-
IiOHMMHK pPeYyoBHMHAMU, iTAJIACEKUN HAYKOBellb AMeneo ABoraapo AifIIoB
BHUCHOBKY, SKUI ChOTOMHI HAa3WBAIOTh 3aKOHOM ABOraapo:

P B ogHakoBMx 06'emax Oyab-AKKX rasis, o nepebyBatoTb 3a OAHAKOBUX YMOB
& o . . .
& (Temnepatypa # TUCK), MiCTUTbCA OfHAKOBA KiflbKiCTb MOJIEKY/I.

Ha migcraBi uoro moskHa 3poOuTM TaKuii BUCHOBOK? 3milicHOOUU
peakIiirzo Mik BogHeM i KMCHeM, ABOragpo IOMITHB, 10 00’€M BOIHIO,
AKUI BCTYIIA€ B PeakKI[iio, 3aBKAM yABiUi Olablnmii, HixK 00’€M KHCHIO.
3a piBHAHHAM peakrIrii

2H,+0,=2H,0
BUJHO, IO HAa OJHY MOJIEKYJY KHCHIO B peakIlii BuTpauaeThbCcsa ABi MO-
JIeKyIu BOAHIO. SIKIO MOJIEKYJI BOAHIO pearye y aBa pasu Oijblie, HixK

MOJIEKYJI KIMCHIO, i 00’€M BOAHIO ¥ ABa pasu OijabInii, HijK 00’€M KMCHIO,
TO B OJHAKOBUX 00’€Max Ma€ MiCTHUTHCS OJHAKOBa KiJbKiCTh MOJEKYJI.

CborofHi Le TBEPAXEHHA AOCUTb JIerKo MOSICHIOETbCA. AK i 6inblwicTb
TBEPAUX i PiAKUX PEYOBMH, ra3n CKafalTbCA 3 OKpemMux monekyn. Ane,
Ha BiAMiHY BiJ TBEpAMX PEYOBMH i PiAVH, Y AKUX MONEKynM po3Tallo-
BaHi AyXe LWinbHO OfHa JO OAHOI, y rasax Monekynu nepebyBaloTb Ha
BeNIMKNX BiacTaHAX ofaHa Big ofgHoi. Lli BiacTaHi 3HauHO Ginblii 3a BnacHi
po3Mipy monekyn. | xoya Monekynu pisHUX rasis Bifpi3HAIOTbCA OfHa
Bi ogHOI po3mipamu, popmoto 11 o6'emom, ane UMUMKW BigMiIHHOCTSIMU
MOXHa 3HeXTyBaTW N PO3rNAfaTth iX AK KPUXITHI »KOPCTKi KyJbKN.

Monekynu rasy MOCTINHO XaOTUYHO PyXalTbCA i 3ilUTOBXYKOTbCA OfHA
3 OHOIO 3 MEBHOI YacToTo. Ane cepefHA BiACTaHb MiXK MoneKynamu
rasiB ctana i/ 3anexuTb NiMlle Bi YMOB, 3a AKMX nepebyBa€ ras. Akwo
pi3Hi rasu nepebyBalTb 3a OfHAKOBMX YMOB (Temnepatypa W TUCK), TO
cepefHi BifCTaHi MiX mMonekynamu npubavMsHO OfHaKoBi, I TOMY ofHa-
KOBa KifIbKiCTb MoneKyn Oyab-AKMX rasiB Ma€ 3aimMaTi OfHaKoBi 00O'emu.

=
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224 n 224 n 22,4 n
(321 (16 1) 2r)
KnceHb MeTtaH BopeHb

Man. 24.1. O6’emn pi3HUX rasiB KinbKicTo 1 MONb OfHAKOBI,
X0ua Ui 3pa3ky MalTb Pi3Hi macn

MonapHun o6’em rasis

3Hapuu, M0 OAUH MOJb OyAb-AKOI PEYOBUHU MIiCTUTh TEBHY KiJb-
KicThb MOJIEKYJI, MOKHA 3pOOUTH BUCHOBOK IIPO Te, ITI0 BCi rasum KiJIbKicTiO
1 Moab 3a OMHAKOBUX yYMOB 3aiiMaioTh OZHAaKOBHUU 00’eMm (Mman. 24.1).

3a aHaJIOTi€I0 3 MOJIAPHOIO Macoio 06’€M OJHOTO MOJS PEYOBUHU Ha-
3UBAlOTh MOJAPHUM 06’emom V .

e MonsapHuii 06’'eMm — e Gi3nyHa BENMYUMHA, L0 AOPIBHIOE BifHOLLEHHIO 06'EMY

%o IR
® PeuoBUHY AO i KinbkocTi: Vy, =—-.
Mouspuuii 06’eM BUpPakaiTh y JiTpax Ha MOJb (JI/MOJb).
3HaueHHSA MOJISAPHOTO 00°’eMy rasy 3ajieKUTh BiJ TeMIepaTrypu
1 THcKy. ¥ Ximil mpuiiHsSTO HABOAUTH 3HAUEHHS MOJIIPHOro o0’eMy 3a
HOpMaJIbHOTO aTMmocpepHoro Tucky (760 mm pt. cr. abo 101 325 Ila)
# rtemmeparypu 0 °C — Taki ymMOBM HasWBaiOTh HOPMAJbHUMH (CKOPO-
YeHO H. y.).
3a HOpPMAJBHUX YMOB MOJIAPHUNA 00’eM OyIb-sIKOro rasy JIOPiBHIOE
npubsusao 22,4 j/MOJb.
3a kimuatHOI Temneparypu (25 °C) @i HOpMaJIbHOTO aTMOC(HEPHOTO
TUCKY (Taki yMOBM Ha3MBAIOTh CTAHAAPTHUMU) MOJSIPHUNA 00’€M rasis
Tpoxu Oinmpmmii: V, = 24,4 j/MOmb.

O6unCcneHHs 3 BUKOPUCTaHHAM MOASAPHOro ob’emy

3Hau1 MOJISIPHUN 00’€M rasy, MOKHA BU3HAUNTH KiJIbKiCTL peuoBu-
HU N, [0 MiCTUTBECA B IIeBHOMY 00’€Mi peuoBuHMN V 3a HOPMAJIBHUX YMOB:

|4
n= V—; V.. (rasiB)=22,4 n1/monn

m



§ 24. MonapHuit 06'em

a3, y sAkomy BigcTaHb MK Monekynamu Habarato 6inbla 3a po3mipu @
MOJIEKYNT i B AAKOMY BiACYTHA MiXMOJSIEKYNAPHa B3aemMofif, Ha3uBaloTb
ineanbHum rasom. CTaH igeanbHOro rasy onucyloTb pPiBHAHHAM MeHpenee-
Ba—-KnanenpoHa:

pV =nRT,
ae p — TmcK, V — o6'em rasy, n — KifnbKiCTb peyoBMHU, R — YyHiBep-
canbHa rasoBa ctana (8,314 xx/monb - K), T — TemnepaTypa 3a LuKano
KenbBgiHa.
3a 4OMOMOro0 LibOrO PiBHAHHA MOMHa OOUNCINTA MONSPHUIA 06'em ige-
anbHOro rasy 3a 6yfb-AKMX YMOB:

lMipcTaBNAeMO 3HayeHHA TemnepaTypu N TUCKY ONA HOPMalbHUX YMOB
i ofepXyeEmo:

)_ 8,314 ox/monn-K-273,15 K
o 101325 IIa
HeobxigHO TakoX nam'ataty, Wwo 22,4 n/Mofb — L& MOSAPHUA 06'em
ineanbHoro rasy. [1na cnpaBXHiX rasiB 3HaYeHHsA iXHiX MONAPHUX 0b6'emiB
OyayTb TPOXWU BiAPI3HATMCA B 3HAYeHHA ANA igeanbHoro rasy. Tak, 3a
HopmanbHux ymos V, (H,) = 22,371 n/monb, a V, (O,) = 22,425 n/monb.Lle
NoB'A3aHO 3 TUM, WO BOAEHb i KUCEHb — L@ peasnbHi rasu, onsa AKux
cnig ypaxoByBatu i 06'em Monekyn, i cunu B3aemogii MixX Humn. OpHak
BiAXVMNEHHS peanbHUX MONAPHMX O6'€MiB rasiB Bifg MoMApHOro ob'emy
ifeanbHOro rasy HesHauyHe i HAM MOXHa 3HexXTyBaTMu.

V(s y =0,022413 M’ a60 22,413 x

m

MonsapHuil 06’em piguH i TBepANX pevyoBNH @
MonsapHuit 06'eM pigKmx i TBEpPANX peyo- A\ 6098y [ %«
BVIH, Ha BigMiHy Bif rasis, Mamxe He 3a- | \
NeXnTb Bif TUCKY 1 TemnepaTypw, i BiH m‘-’ @
Pi3HMI ANA Pi3HMX PEYOBUH. Y TBEPAUX I” F _

i pigKMX peyoBMHaX MOSIEKYNN PO3TaLlO- = g

BaHi Ayxe wWinbHo. Tomy o6'em 1 monb Teepaa PignHa las
TBEpAoi abo pifKoi PeyoBMHU He 3ane- ~ Pe4OBUMHA

KUTb Bifj YMOB, afe 3a5eXuTb Bif PO3MIpiB Camux MONEKys Ta LWiNbHOCTI iX
po3TalyBaHHA. Hanpuknag, 3a KiMHaTHOI TemnepaTypu OAUH MONb BOAU
3anmae ob'em 18 mn, cnupty — 58 mn, 3oi0ta — 10 cm® (1 cm3 =1 mn).
MonsapHuin 06'eM peyoBMHU B OyfAb-AKOMY arperaTHOMYy CTaHi MOKHa
o6uUMCINTY, AKWO BigOMI MonApHa mMaca M pevyoBUHW Ta Ti rycTuHa p:




TEMA 3. KINbKICTb PEYOBUMHW. PO3PAXYHKW 3A XIMIYHUMI ©OPMYJIAMU

SIKmIo Mm 3HAEMO, IO B OJHOMY MOJIi PEYOBMHU MiCTUTBCA TaKa
KiZbKicTh MOJIEKYJI, IO JOPiBHIOE UmMCaAy ABOragpo, TO MOKHA O0UMC-
JUTHU KiJBbKICTH MOJEKYJ Tasy B IIeBHOMY 06’e€Mi 3a HOpMAJIbHUX YMOB:

|4 14
n=—; N=n-N, = N=—N
v A v, 4

3HauUM KiJbKiCTh rasomomibHOI peyoBWMHU, MOMKHA 0O0UYMCIUTH i
00’eM 3a HOpMAaJLHUX YMOB:
V=nV,

3agaua 1. O0uucaiTh 060’eM, AKUIN 3aliMae 3a HOPMAJIBLHUX YMOB Tas
KismbKicTiO peuoBvHU 1,2 MOJIB.

Hamno: Pose’asanna:
n(rasy)=1,2 moiab V=nV, 6 =1,2monb-22,4 1/mo5nb = 26,88 1

V(rasy) — ? | Bionogidv: V(rasy) = 26,88 .

Samaua 2. O6UMCIiTh KiJIBbKiCTh PEYOBMHU, IO MICTUTHCSI 3a HOP-
MaJbHUX YMOB y rasi o6’emom 5,6 .

Hano: ‘ Posg’asanna:

V(rasy) =5,6 1 n:l &zo,% MOJIB
n(rasy) — ?

V B 22,4 1/Mo0Jb

m

Biodnosids: n(rasy)= 0,25 mMosb.

3agaua 3. O6uuCIiTh, CKiTbKU aTOMiB OKCUTEHY Ta MOJIEKYJ KHCHIO
MicTuThCcA B KuCHiI o6’emom 16,8 i1 (3a H. y.).

Hano: Posg’azanns:
7(0,)=16,8
(0,) n N(02)=V(02)-NA=
N(O,) — ? Vi
N(O) — ? = 1687 4 10% yons ! =4,5.10%
22,4 n1/Mob

KoxHa MoJIeKysia KHUCHIO MICTHUTBh Y CBOEMY
ckaani gsa aromu OKcUTeHY, TOMY KiJbKicTb
aromiB Okcureny Oyne BABiui GinbIlIOI0 3a
KiJIBKiCTh MOJIEKYJ KHCHIO:

N(0)=2-N(0,)=2-4,5 - 1023 =9-1028
Bidnosids: N(0,)=4,5-10%3, N(0)=9-10%.




§ 24. MonapHuit 06'em

3amaua 4. O0uucIiTh Macy ByrJekucjoro rasdy obo’emom 1 i (H. y.).

Hano: Pose’asanna:
V(CO,)=1n O0uncanuMO KiJbKiCTh PEUYOBUHU BYTJIEKHCJIOTO
m(CO,) — ? raay, LLIO;/I(;C(’)I‘I/;TBCH B 11 JI:
J
n(COy) = 2- = =~(0,0446 mosb
V. 22,4 n/moub

Maca Taxkoi KiJIbKOCTi BYIVIEKHCJIOTO Tady MOPiBHIO-
BaTUMe:
M(CO,)=12+2 - 16 =44 r/mMonb

m(CO,) =n(CO,)- M(CO,)=0,0446 monb 44 r/MOIb =
=196r

Bidnosidv: m(CO,)=1,96 r.

JliHegicmuyHa 3a0aya

Lle cnoBo 3ByumnTb y»Ke CXOxe Malixe BCima MoBamu (HaBiTb XiHAI, TypeLbKoto 1 apab-
cbkotw). Mpuaymas noro B XVII ctoniTTi ronnaHacbKuin Haykoselb AAH banTtucT BaH lenb-
MOHT. BiH y3aB 1noro 3 natnHu (chaos), y AKy BOHO NpUIALLIIO 3 rpeLbKoi. [pekn cnosBom
Xaoc Ha3vBanu NOPOXKHi TYMaHHWI NPOCTIp, WO iCHYBaB Le A0 CTBOPEHHSA CBITY.
MNpo AKke cnoBo, Ha Baly AYMKY MAeTbCA? K BOHO NepeknafacTbCa iHWMMN MOBaMU:
POCiCbKOI0, aHFNINCbKOLD, HIMELLbKOIO, GppaHLy3bKO0?

1814 pokKy, Yepe3 TpW POKK Nicns Toro, sk ABoragpo ony6sikyBaB CBill
3aKoH, 3'ABUNacA cTatTa ¢paHuUy3bKoro ¢isvka Amnepa, fe BiH cpopmy-

NIOBaB MOJNOXEHHS, Jy»Ke 6nu3bki 0o 3akoHy ABoragpo. AMnep nisHiwe

BM3HaB, WO 3 Mpaueto ABOragpo O3HaMOMMBCA BXe Mnicns nyo6nikauii

CBOE€I CTaTTi, ane Ha npiopuTeTi He Hanonarae. TOMy B AeAKMX HayKOBMX
BMAAHHAX TPaMIAETbCA CZIOBOCMONYYEHHA «3akoH ABoragpo-Amnepa.

? N BucHoBKkM

1. 3rigHo i3 3akoHOM ABoragpo, B oiHakoBux ob'emax Oyab-AKMX rasis 3a oa-
HaKOBMX YMOB MICTUTbCA OfHaKOBa KifIbKICTb MOMEKYS LiMX PEYOBUH.

2. Hacnigkom 3akoHy ABoragpo € Te, Wo Oyab-Aka rasorogibHa peyosu-
Ha KinbKicTio 1 MOMb 3a HOPMaNbHUX YMOB 3aliMaE 06'eM, WO LOPIBHIOE
22,4 n. el o6'em Ha3mBaloTb MONAPHUM 06'€MOM rasiB, IOro No3HavawTb
V. OBMHMLA IOr0 BUMIPIOBAHHA — JI/MOJIb.
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9 KOHTpONbHI 3annTaHHA

4

1.
2.
3.
4

CoopmynioinTe 3aKkoH ABoragpo.

AKi yMOBM Ha3MBalOTb HOPMaNbHUMIK?

Yomy LOpiBHIOE MONAPHUIA O6'EM rasy 3a HOPMaNbHUX YMOB?
MoAcHITb 3MiCT 3akOHY ABOragpo 3a CyYaCHUMU yABJIEHHAMM.

3aBpaHHA ANnA 3aCBOEHHA MaTtepiany

1.

2.

10.

11.

12.

13.

14.

15%,

AKnin 06'em 3aiMatoTb 3a HOPMasbHMX YMOB: @) 2 MoJb a30Ty; 6) 0,5 Mmonb
KuncHio; B) 0,25 monb ¢Topy?

CKinbKn Mornekyn MicTUTbCA B TymMoBiii Kyni o6’emom 5,6 n (H. y.), 3amno-
BHEeHi BogHeM? Yn 3MiHUTbCA BiANOBIAb, AKLIO B YMOBI 3aBaHHA BOAEHb
3aMiHUTK Ha: a) a30T; 6) HeBiZOMUIA ras; B) BOAONPOBigHY BOAY?
Bu3HauTe, SKMIN 06'EM 3a HOPMANbHNX YMOB 3aiiMaloTb: @) 5 MOsb MeTaHy
CH,; 6) 2 monb rigporex cynbdiay H,S; B) 4,2 Mmonb amoHiaky NH,.

Y akomy o6’emi amoHiaky NH; micTuTbca B 3 pasu Ginblue monekyn, Hix
y meTani CH, o6’emom 100 n (H. y.)?

€ ABa rasw, y3ati 3a HopmasbHux ymos: 10 i metany CH, i 20 i xnopy Cl,.
Y AKOMy 3 HUX MICTUTbCA bGinblue Moneky”n, a B AKOMy — 6ifblue aToMiB,
i y CKinbkn pasis?

CKinbKn MOneKyn KICHIO MiCTUTBCA 3@ HOPMasibHMX YMOB: @) B OQHOMY Ky-
6iuHoMy MeTpi; 6) B ogHOMY Kinorpami Li€i pedoBuHm?

Je mictutbca Ginblie monekyn amoHiaky — y 100 r a6o B 100 n (H. y.)?
Aknin o6'em 3almatoTb 3a HOpMasbHMX yMOB: @) 10 r BogHto; 6) 10 monb
BOAHIO?

Y 4oTMPbOX OAHAKOBMX MOCYAMNHAX MICTATbCA OAHAKOBI Macy TakunX rasis:
amoHiak NH;, asoT N,, Cipunctui ras SO, KnceHb O,. Y AKil nocyaunHi mic-
TUTBbCA Hanbinbwe monekyn?

MopisHAwTe KinbKicTb Mosiekyn B 1 1 amoHiaky NH, 1a B 1 1 a3oty. Y Akomy
3pa3Ky monekyn binblue Iy CKinbky pasis?

O6uncnitb macy rigporeH cynbdigy H,S o6’emom 11,2 i1 3a HOpManbHUX
YMOB.

Maca 0,001 m3 rasy (H. y.) gopisHio€ 1,25 . OBUUCIiTb Macy OAHIEr MoneKy-
NN LbOro rasy.

Yn opgHakosi macy Ta ob’emn (3a ogHakoBMx ymoB) matoTb 1,5 monb CO,
i 1,5 monb O,? Bignosigp nigTeBepAbTe po3paxyHKamm.

Ha 3anuTaHHs: «AKuin 06'em 3aimae 1 Monb BOAW 3@ HOPMaSIbHUX YMOB?»,—
yuyeHb BignoBiB: 22,4 n. Yn npaBunbHa ua Bignosigb? MMOACHITb.

Y Aakuii cnoci6 3a AONoMOrow 3akoHy ABOragpo MOXHa AOBeCTH, LWO:
a) MONIEKYNIN KMCHIO, @30Ty, BOLHIO CKNafaloTbCA 3 ABOX aTOMiB; 6) MoneKy-
na sogn mae cknag H,0, a He HO; B) monekyna amoHiaky mae cknag NH,,
a He NH?



§ 25. BigHOoCHa ryctuHa rasis

Mpurapante:

« TyCTMHA — Ue ¢i3nYHa BenuuMHa, WO [OPIBHIOE BifHOLWEHHIO Macu PEeYOBUHU
no i 06'emy;

« OAVHMLA BUMIPIOBaHHA TyCTUHU — Kr/m3 (abo r/n, r/mn).

BigHoCHa ryctmnHa rasis

T'yctuna rasis gy:ke HeBesiKa, TOMY BUMipIOBATH Macu Tra30MOmiOHUX
PevYoBUH MOCUTH He3pyuyHo. HabaraTo spyuHillie TopiBHIOBaTU I'yCTUHU Ta-
3iB, TOOTO BUBHAUATH BiHOIIIEHHS iXHiX rycTuH. 1{10 BeImumHy Ha3MBaOTh
BiTHOCHOI TycTHHON Tasdy B 3a rasom A i mosmauarors D ,(B). Meromu-
Ky eKCIIepUMeHTAaJbHOTO BU3HAUEHHS BiTHOCHOI T'yCTHMHU T'asiB po3poOuB
(dpanmnyspruit ximik au [ioma @ 3a JOIIOMOrOI0 IILOTO METONY BU3HA-
YyaB MOJIEKYJSPHI Macu HeBijoMMUX rasomnoniOHmxX peuoBwH. lle MoKJIMBO
3aBIAKM TOMY, IO BiTHOCHA TyCTHMHA Tra3iB IOPIBHIOE SIK BiTHOIIEHHIO
TYCTHH Tra30MOTi0OHMX PEYOBHH, TAK i BiTHOIIEHHIO IXHIiX MOJAPHHUX MAacC:

p(B) _ M(B)

D,(B)= =
A(B) p(A)  M(A)

OcCKiJIbKY BiTHOCHA T'yCTUHA € BiTHOIIEHHAM JBOX BEJUYWH 3 OJHAKO-
BOIO PO3MipHIiCTIO, TO caMa BiJHOCHA TyCTHHA € 6e3P03MipHOI0 BEJIUUUHOIO.
s obuuciieHHA BiZHOCHOI TI'yCTHHHM rasiB 3a IIeBHUM Tra3oM HeoO0-
XiTHO OOYMCJUTU BiTHOIIEHHA MOJAPHUX Mac rasisb.
Tak, HampuWKJaj, BiTHOCHA TYCTUHA KUCHIO 32 BOJHEM JIOPiBHIOBATHME:
DH2(02)= M(O,) _ 321 /Moub ~16
MH,) 2r/mous

Bigomumin dpaHLy3bKnin XiMik-OpraHik i gep»KaBHUN
JisY, npe3uaeHT GpaHLy3bKOro XiMiYHOrO TOBAPUCTBA.
B toHOCTI mpavoBaB anTekapem. 13 1823 poky npaLtoBas
y Mapwixi cnovyaTKy peneTuTopoM, a MoTiM npodeco-
pom y CopboHHi. 1832 poky 3acHyBaB BracHy nabopa-
TOpIlO, Y AKI NPaLiloBaB Pa3oM i3 YNCIEHHUMU YUHAMN.
CBoiMM npauAMK BiH CYTTEBO BMMHYB Ha PO3BUTOK
opraHiyHoi Ximii, ynepLue fobys 6arato opraHiuHuX pe-
YOBUVH (X110pOdPOpM, XJIOPOLITOBY KMC/IOTY), pO3pobuB
HOBI MeTOAW OpraHiyHOro CUMHTE3y. 3anpOoroHyBaB Me-
TOA BM3HAYeHHA BiJHOCHOI FYCTMHW BMNapiB, 3a AOMo-
MOTOI0 AIKOFO BM3HAUVB aTOMHY Macy 6araTboX XiMiuHX
€/IeMEHTIB | MONIeKyNIAPHY Macy 6araTbox ConyK.

KaH batuct AHgpe
[ioma (1800-1884)
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BigHocHY I'yCTHHY KKMCHIO 3a TeJIiEM, a30TOM ab0 MOBIiTpPAM 00UYMCIIIO-
IOTh y Takuii camuii cuocib. 1A o0uncieHHs BiZHOCHOI I'yCTUHU 3a IIO-
BITPSAM BUKOPHWCTOBYIOTH CEPEIHIO MOJIAPHY Macy IOBIiTPs, [0 JOPiBHIOE
29 r/MOb.

M(O,) 32r/moms _
M(He) 4r/mons

3a remiem: Dy, (0y)=

M(O,) 32r/monn ~1.14
M(N,) 28r/mons ’

3a agorom: Dy, (0p)=

M(O,)  32r/momp
M(noBitpa) 29r/moinb

3a mositpam: D, ... (0g) = 1,1

BigHocHa rycrtmHa moOKasye, Yy CKIIbKM pasiB rycTmHa OTHOTO Tasdy
OinpIma 3a rycTuHY iHIioro. Hampukian, SAKIO BilHOCHA I'yCTHHA BYTJIe-
KHCJIOI'O ra3y 3a BOAHEM HOpiBHIOE 22 (DH2 (CO,)=22), ue osmauae, IO
BYTJIEKHCJINNA ra3 BaKUMU 3a BOAeHb y 22 pasu. A SKIINO BigHOCHA ryc-
THHA MeTaHy 3a KucHeM JopiBHioe 0,5 (Do, (CH4)=0,5), me osmadvae, 110
MeTaH JIeTIIUH 3a KUCEeHb y Ba pasu.

Mopmyniotoun cBil 3akoH, ABoragpo nucas: «[ycTrHa pi3HKX rasis € Mipoto
macu ixHix monekyn». PosrnaHemo ABa rasm — A i B — kinbkicTio 1 monb,
Wwo nepebyBaloTb 32 OAHAKOBUX YMOB. [YCTUHY ra3y MOXHa BU3HAUUTK AK
BiJHOLEHHA Moro mMacu Ao ob'emy: .

P=7

AKwo maca N o6'em BigOMI AnA ogHOro MonA rasy, TO B Le PiBHAHHA
MOXKHa MiACTaBUTK, BigMNOBIAHO, MONAPHY Macy i MORApPHUIA ob'em:
M
p v
MonsApHi o6’emn pi3HMX rasiB 3a OAHAKOBMX YMOB € OAHAKOBMMM, TOMY
rycTuHa rasy 3a 3agaHux yMOB NPAMO NPOMOpPLiiHa NOro MOAAPHIN Maci.
To6T0 UMM 6iNbLIOID € Maca OAHIEl MONeKynn (OQHOro MO MONEKY), TUM
6inbwoto 6yge Maca nNeBHOro 06'emy rasy — MOro ryctuHa. A BifHOLIEH-
HA FYCTUH ABOX rasiB AOPiBHIOBATMME BifHOLIEHHIO TXHIX MOAAPHUX Mac:

p(a) = MA) (e
v, | p® v, _ M®)
_mB) [ p(A) MA)  m(A)
o o



§ 25. BigHocHa ryctuHa rasis

OO6uMCNeHHA 3 BMKOPUCTAHHAM BiJHOCHOI IYCTUHU rasiB

3amaua

Hano:
N, ra He

1. O6uucaiTh, Vv CKiJIBKM pas3iB a30T BasKuMii 3a rejiii.

Posé’s3anHs:
1106 3’scyBaTu, AKWI ra3 BayK4YUi i y CKiJIBKU pa-

3iB, HEOOXiZHO O0UMCINTH BiJHOCHY I'YCTHHY rasiB:

Dy (Ny) — ? M(N,)=2 - 14 = 28 r/momb

M(N,) _ 28r/monn
M(He) 4r/monb

Biodnosidv: a3or BaKumii 3a rejii y 7 pasis.

7

DHe(NZ) =

3amaua 2. BigrHocHa rycTrHa rasonogiOHOI mPOCTOI PEYOBUHU 3a IIO-
BiTpsaAM pmopiBHioe 2,45. O0umciaiTh MOJNAPHY Macy Iiei pevoBunu. flka
Ime MOKe OyTH pedoBuHA?

Ilano:

D, TOBIiTPS

(X)=2,45

Poss’azanna:

M(X) — ?

TosiTps M (mtoBiTpsI)

= M(X)=D, (X)- M (mroBiTpA)

oBiTpA
M((X)=2,45 - 29 r/monb =71 r/M0ab

SKIT0 MOJIEKYJIM HEBiZJOMOTO rady CKJAaZaloThCA

3 OJTHOTO aToMa, TO TaKoro raszy He icrye. Mo-
JIEKYJI IHOTO Tady MaioTh OyTH JBOATOMHUMU.

Y npromy pasi MoJIeKyJasdApHaA Maca BigmoBimae xJio-

1
py, Tox: A(X)= 7? =35,5

Bidnosidv: M(Cl,) =71 r/mos.

BucHOBKM

AIKWwo B3ATW ABa 3pa3ku rasis 0fHaKOBOro 06'eMy 3a OfHaKOBKX YMOB, TO
MOXHa BUMIPATY BifjHOLWEHHA IXHIX FYCTUH Ta OTPUMATU BiHOCHY FYCTUHY
umx rasi..

BigHOCHa rycTrHa rasie — 6e3po3mMipHa BENMUYMHA, BOHA MOKA3yeE, AKUIA
i3 rasiB Baxumin (Mae 6inblly rycTuHy) 1 y ckinbku pasis. BoHa fopisHIoe
BiIHOLWEHHIO MONAPHMX Mac rasiB, TOMy [O3BOJIAE BU3HAUUTV MONAPHY
Macy HeBiJOMOro rasy.
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Q KOHTponbHi 3anuTaHHA

1.

10.
11.

12.

13.

14*

AKNN GI3MYHMI 3MICT Ma€ 3HAaYEHHA BiIAHOCHOT rYCTUHU rasy?

3anuwite dopmyny ana obuncneHHA BiAHOCHOT N'yCTUHW HEBIGOMOTO rasy
3a BOJHEM, reJliEM Ta BYINEKMNCIINM ra3oMm.

Yomy foOpiBHIOE cepeiHA MONAPHa Maca noBiTpA?

[na BM3HauYeHHA BIZHOCHOI rycTMHM Oyab-AKOro rasy 3a BogHeM HeobXia-
HO MOJIAPHY Macy LbOro rasy: a) MOMHOXMWTW Ha MOMAPHY Macy BOAHIO;
6) po3finnT Ha MONAPHY Macy BOAHIO; B) CKNAcTU 3 MOJIAPHOIO Macolo
BOAHIO.

3aBfaHHA ONA 3aCBOEHHA MaTepiany

Yomy fna nosiTpA He MOXHa BUKOPKCTOBYBATM MOHATTA «MONIAPHa Macay,
a KOpUCTYTbCA fMLle CepefHbOl0 MOJIAPHOI0 Macoio?

Y cKinbKK pasiB KnceHb Baxkuuii 3a: a) BofeHb; 6) a3oT?

Y AKoro 3 rasiB HalMeHLUa BifHOCHa ryCTMHa 3a BOQHEM: a30T; KUCEHb; re-
nin?

O6uncniTb BIAHOCHY rYCTUHY renito 1 HEOHY: a) 3a BoaHeM; 6) 3a NoBITPAM.
O6unCniTb BIAHOCHY F'YCTUHY 3a refiem Takux rasis: H,, CH,, N,, O,, SO,.
O6umncniTh BiGHOCHY rycTuHy: a) xnopy Cl, 3a nositpam; 6) amoHiaky NH,
3a KncHewm; B) nponaHy C;Hg 3a xnopow; r) Byrnekucnoro rasy CO, 3a no-
BiTPAM; ) amoHiaky NH; 3a BoaHem; e) cipuncToro rasy SO, 3a o3oHom O;;
€) KncHIo 3a a3oTom N,; ) meTaHy CH, 3a xnopom Cl,.

BigHOCHa rycTvHa HeBifOMOro rasy 3a BogHeM AopiBHIOE 17. BusHaute mo-
NAPHY Macy Lboro rasy. 3anuilitb noro xiMmiuHy dopmyny.

Maca 1 n rasy 3a HopmanbHUX YMOB fopiBHIOE 1,251 1. O6UNCAiTb BiAHOCHY
rYCTVHY LibOro rasy 3a BOAHEM.

BigHOCHa ryctnHa HeBijomoro rasy 3a nositpam 1,656. O6umncnitb macy
1 N UbOro rasy 3a HopmasnbHUX YMOB. fKuiA ra3 Le mir 6u 6yTin?

MoAcHiTb, YOMY BIAHOCHI FyCTUHYM BCiX rasis 3a BogHem 6inbui 3a 1.
BigHOCHa ryctnHa gesAkoro rasy 3a KucHem AOPpIiBHIOE 2. YoMy OOpiBHIOE
BiJHOCHa ryCTUHa LbOro rasy 3a BogHem?

AKnN ras Baxumi 3a KnceHb y 1,5 pasa n yTBOPEeHUN OAHUM efleMeHTOM?
Ba)Kunii y 2 pa3u 1 yTBOPEHUIN ABOMA efleMeHTamu?

Cnonyku Kap6oHy i1 HitporeHy 3 OKcvreHom 3a OfHaKOBMX YMOB MaloTb
O[HAKOBY TFyCTUHY. BuaHauTe popmMynm Lmx Cronyk.

3anponoHyiTe Cnoci6, y AKMN MOXHa eKCnepuMeHTaslbHO BUMIPATK Bifl-
HOCHY FYCTUHY [BOX rasis.

Ilepesipme c80i 3HaHHs 3a memor «Kinvkicmo pevosunu. Po3paxyh-
KU 30 XIMIYHUMU QOPMYIAMUY .



TEMA 4. OCHOBHI KJIACH
HEOPTAHIYHUX CMNOJYK

Y ubomy po3gini BU fi3HaeTecs...

AK KnacnikyloTb HeOpraHiyHi peyoBMHY;

UnM CnpaBAi KYXOHHA Ciflb € Cinio;

O COAQ, MnC Ta Kpenga — Le TakoX Coni;

IO AHTOHIM [0 C/I0BA «KUC/INN» — 30BCIM HE «CONIOAKUIN»;
AK MOBOAMTUCA 3 KUCNOTaMU A yramu;

AK [o0yBalTb KNCIOTU Ta OCHOBU;

O ICHYIOTb PeYOBUHM, AKI BOAHOYAC € i KMUCIOTamMK, i OCHOBaMU;
O Take pAL aKTMBHOCTI MeTanis;

AKi iCHYI0Tb coni;

uy BCi peakLii MoXyTb BigbyBaTncCA i AK NpPo uUe Ai3HaTUCs;
AK POOUTU PO3PaxyHKUN 3a PIBHAHHAMU XiMIYHMX peaKLil.

§ 26. Knacn HeopraHiYHMX cnonyk

MpurapanTe:

.

.

AKi CNONYKU HanexaTb A0 OKCUAiB, KACIOT i OCHOB (3a § 1);

AK BU3HAUUTY HaNEXHICTb OKCUAIB 4O KMCIOTHUX Y/ OCHOBHUX; UMM Bigpi3HAOTHCA
KMNCNOTU Ta OCHOBY;

AK cknagatv GOpMynn CronyK 3a BaJIeHTHICTIO efleMeHTiB (3a § 1);

ONA S- i p-enemeHTiB BuLIa BasIEHTHICTb JOPIBHIOE HOMepy rpynu (3a KOPOTKM
BapiaHTOM [lepiognyHOI cucTemMun); ANA eNeMeHTiB NepLInX TPbOX FPyn BOHa € CTa-
noto;

BaneHTHicTb OkcureHy 3aexau |, TigporeHy — 3aBxgn .

Knacudikauia HeopraHiuyHMX Cnonyk

Y mpupoai HamiuyoOTh TMOHAA II'ATH MiJbHOHIB HEOPTAHIUYHUX CIIO-
ayk. o6 mpocrite 6yJio iX BUBUATH ¥ AOCJIiAKyBaTU, PEUOBUHU PO3IIO-
IiNA0Th 3a PisHMMU O3HAKAMU Ha KJIACH.

Kaac cmomyk — 1ie Tpyma peuoBUH, 00’ €THAHUX 3a MEeBHOIO CIIiLJILHOIO
03HAKOIO.

Y 7 xkjpaci B Bike O3HAMOMMIINCS 3 OKCHUIAMMU, KHCJIOTAMH Ta OCHO-
Bamu (cxema 1, c. 6). ¥ 8 kiaci Bu morsimbure cBoi 3HAHHA IIPO IIi KJacu,
a TaKOK O3HaAlOMHUTECA 3 JeTaJbHINIOK KJjaacu(iKallieio HeopraHiuHUX
cmoayk (cxema 3, c. 136).



TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

Cxema 3. HaiiromoBHilIi KJacu HEOPraHIiYHUX CITOJIYK

HeopraHiuni cnonyku
KncnotHi
ConeTBopHi > OcHOBHI
- Oxcnpan
. EXOy AmooTepHi
E: Al, Be, Zn, Pb(ll),
Cr(lll), Fe(lln)
HeconeTtBopHi
NO, N,0, CO, SiO
Coni

Y

M, E a6o MXEOy

AmdoTepHi
rinpokcuan M(OH)
> X
M: Al, Be, Zn,
Pb(Il), Cr(l1), Fe(lll)
Jlyrn (po3unHHi
rinpokcman)
OcHoBu
M(OH), -
Hepo3unHHi
rigpokcuan
> Kucnotu

E — 6yab-akuii XiMiuHUA enemeHT, M — MeTaniyHWUin enemeHT

Okcnan

Bu B:ke 3HaeTe, IO OKCHUAM CKJIANAIOTHCSI 3 aATOMiB ABOX XiMIiuHMX
eJIeMeHTiB, oquH i3 AKux — OKcurex.
Cepen OKCUIIiB BUNIJIAIOTH COJIETBOPHI Ta HECOJIETBOPHI OKCHUIU.



§ 26. Knacu HeopraHiyHux cnonyk

CoseTBOpHi OKCHUAM — Ile OKCHUIM, IKMM BigmoBimaroTh ocHOBHI a6o
KucJoTHL cmonyku. CoJeTBOPHI OKCHUAM IIOAIJIAITE HA TaKi rpymm:

KucaomHi okcudu — 1e OKCUIU, AKUM BiAmoBimamoTs KucaoTu. [o
miei Tpynu HajJgeKaTh OiJBIIICTh OKCHUAIB HEMETAJTiUHUX eJIeMeHTIiB Ta
OKCHUIU MeTaJiuHUX eJeMEeHTiB i3 BajeHTHicTiOo, Oinbimoro mixx III, mHa-
npukiaazn: SO, CO,, NO,, CrO,, Mn,0, Tomo. KucioTHi OKCUAN TAKOXK
Ha3WBAOTh AHTiApUIaAMU KHCJIOT, TOOTO «0Ee3BOSJHUMU KKCJIOTAMI ;

O0CHOBHI OKcudu — Ile OKCHUAU, AKUM BiAmoBimarTh ocHoBu. [0
miel rpynm HajJe)KaThb OKCUIAM MeTaJiuHUX eJEeMEeHTIiB i3 BaJIeHTHIiCTIO,
He Oinpmioro misk III, manpukaaxg: CaO, Na,0, MgO, BaO, FeO romo;

ampomepri oxkcudu — 1ie OKCHUIU, IO BUSBJISIOTH BJIACTHUBOCTI AK
KHCJOTHUX, TaK i ocHOBHMX okcungiB. o mmx Haxexarsb: BeO, ZnO,
Al, 04, PbO, Cr,0,, Fe,05 Tomo.

HecoaeTrBopHi okcumu — 11 OKCUAM, SIKMM He BifTIOBiae aHi Kuc-
Jora, aHi ocHoBa. [lo Hux Hanexars: NO, N,O, CO, SiO.

dopmyau OKCHIIB — ExOy — CKJIQ[AIOTh 3a BaJIEHTHICTIO XiMiuHUX
eJeMeHTiB (OuB. aJrOpuTM Ha c. 8).

Haseu oKcHMAiB CKJIamaiOTh TaK:

« IIJIsI eJIEMEHTiB 3i cTajJol0 BaJIeHTHiCTIO:

HasBa eJIeMeHTa + CJIOBO
B Ha3WBHOMY BiIMiHKY «OKCHUI»

nanpukaan: Na,0 — marpiit okcux, CaO — Kamibuiil oxcuz;

« IIJIsI eJIEMEeHTiB 31 3MiHHOIO BaJIeHTHiCTIO:

Ha3Ba eJIeMeHTa + BaJIEHTHICTH + CJIOBO
B Ha3WBHOMY BiIMiHKY (v nyxKax) «OKCHUI»

Hanpukaag: CO — kap6or(Il) okcuz, SO, — cyabdyp(IV) oxcun.

Ha3Bu okcnaiB HeMeTaniuyHuxX enemeHTiB iHOAi CKMafalTb 6e3 3a3HayeHHA
BaJIeHTHOCTi, @ NuLle BKa3syloun KiNbKicTb atomiB OKcureHy B monekyni
rpPeubKUMN YnCTiBHMKamn (MoHo, au, Tpu Towo). Hanpuknag, NO — Hi-
TporeH moHookemg, CO, — KapboH aiokcna, SO; — cynbdyp TPUOKCUA,
IHoZi cniBBiAHOWEHHA aTOMIB He € LinMMW Ynucnamu, y LbOMy BUMNAOKY
BMKOPWCTOBYIOTb NpediKC 2emi, Wo o3Hayae nosnoBuHa. Tak, N,O — HiTpo-
reH remiokcnp (Ma€eTbCA Ha yBasi, WO Ha oguH atom HiTporeHy npunagae
nonosuHa atoma Okcureny), N,O, — HiTporeH remineHTaokcug (Ha oanH
aTom HitporeHy npunaga€e nonoBuHa Bi N'ATW, TO6TO ABa 3 NOJIOBMHOW
atomun Okcureny).

=



TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

Kucnotu

e Knucnotu — ue crnonyku, Wo cknagatoTbca 3 atoMis [igporeHy, AKi MoXkHa 3a-
MIHUTW aTOMaMn MeTasniYHNX efleMeHTIB, Ta KUC/TOTHOMO 3asINLLKY.

e 0

Y dopmynax kueaoT Ha mepmIoMy Micri nuiryTh cuMBOJ igporeny,
a iHIIL CMMBOJIM II0O3HAYAIOTHL CKJAJ KHCJIOTHOTO 3aJUIIKY:
. H| [0,

HasBu Ta popmMyin HAWBAKJIUBIIINX KUCJIOT, SIKi CJIif 3amam’ATaTu,
HaBeneHi B Ta0suIi 7.

Kpim ckaagy KMCIOTHOTO 3AJIUINKY, BAXKJINBO 3HATHU 110r0 BAJEHTHICTD
(e s3HamoOUTHCA s CcKJIaZaHHA (opmyna coseit). B atomiB Tigporeny

BAJIEHTHICTD 3aBKAU I, TOMY BaJIeHTHICTh KMCJOTHOTO 3aJUIINKY 3aBXKIN
11
nopiBHIOE KinbKocTi aromiB Iigporeny y ckiaaai moneryau kuciaoru: HCI,
I 1 I I
H,SO,, H;PO,.

H, + KUCJOTHUH 3aJIUIIOK |» HAIPUKJIAZ ’804

Taoaung 7. Halipaskaupimi KucaoTun

Tpaguniitna Kucnoruuit | Hazma KucJor-
Haszsa dopmyaa
Ha3Ba 3aJIMIIOK HOT'O 3aJIMIIKY
Bpowmigua HBr BpomoBonHeBa Pfr Bpowmig
1
Eranosa CH,COOH | Ourora CH,CO0 Arnerat
Vionunua HI Monosonuesa i Vonun
i
Kap6onarna | H,CO,4 Byrinbaa CO, Kap6onar
1
Hirparua HNO, AszoTHa NO, Hirpat
1
Hirpurnua HNO,, Asorucra NO, Hirtpur
. . . I .
CunikatHa H,Si0,4 KpemuieBa SiO, Cuaikar




§ 26. Knacu HeopraHiyHux cnonyk

3aKiHYeHHa mabauyi

Tpagumiiiaa Kucaorunii | Hasra KucJor-
Hassa Popmyia
Ha3Ba 3aJIMIIOK HOTO 3aJIMIIKY
i
CyabpaTtua H,SO, Cipuana SO, Cyabpar
C i H,SO Ci 0 C i
yJab(piTHA 2504 ipuucra SO3 yIbdiT
i
Cyabdinua H,S CipxoBogHeBa S Cyabdin
Oprodoc- dochopHa, 1II
dartHa H;PO, opTrodochopHa PO, Oprogocpar
MeTradoc- I
barHa HPO, Meradochopra PO, Meradochar
dayopunua | HF Proposoanesa, I diyopu
yopua IJIaBUKOBaA F yopuAa
XJopoBogHEBA, I
Xnaopugaa HCI comsma Cl Xnopupg

Kucnoru knacudikyrors 3a 1BoMa o3Harkamu: 3a BMicToM OKcureHy
Ta 3a OCHOBHICTIO.
OcHOBHiCT, KHCJIOTHM — Ile KigbKicTb aromiB Tigporemy, smaTHux
3aMiIlyBaTUCA aTOMaMM MeTaJiuHUX eJIeMEeHTiB.

Kncnotun

3a BmicTom Okcureny |

OkcunreHosmichi: HNO,, H,SO,, H,PO,
Besokcurerosi: HCl, H,S, HF

| 3a BmicTom ligporeHy

OpHoocHoBHi: HCI, HNO,
AsoocHosHi: H.S, H,50,

TpwnocHoeHi: H,PO,

OCHOBHICTb KMCIOTU He 3aBXAu 306ira€TbCs 3 KinbkicTio aToMis Migporeny
B i1 mMonekyni. BUHATKM 4acTo TpannAwTbCA cepefl OPraHiuYHUX KUCNoT
(ouTtoBa, NMOHHa, BUHOTpajHa Towo). Tak, ouroea kucnora CH,COOH
€ OHOOCHOBHOM. I MOneKkynu xou i MicTATb No YoTupmn atomu ligporeny,
ane nuile oguH atoM 34aTHUI 3amillaTMCA aTOMOM MeTaniyHoro efiemMeH-
Ta. Cepen HeopraHiyHMX KWUCNOT TAKOX € BUMHATKM: $ocdiTHa KucnoTa
H,PO, € aBoocHOBHOI, a rinodocdaTHa Kncnota H,PO, — ogHooCHOBHA.
Cepepy HeopraHiYHUX KUCIOT, HaBefeHMX Yy Tabnuui 7, BUHATKIB Hemae.

=)



TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

OcHoBu (rigpokcngn)

@ OCHOBU — Lie CMonyKy, WO CKNafaloTbCA 3 aTOMIB METaniYHOro efieMeHTa
" opHiei abo pekinbkox rpyn —OH.

e, 0

Y ¢opmysax oCHOB Ha IEPIITOMY MiCIli MUIITYTh CUMBOJ METAJiUHOTO
eremMeHTa, a morim — rpymy —OH:

Meraniuanii exement | T (OH), | HaHpHRHaﬂM’OH‘ ’(OH)z‘

Ax BusHaumTHy KinbkicTs rpyn OH (n) y dopmyiax ocHoB? I'pyma —OH
3aBKAU Ma€ BaJIeHTHicTh I. 3Haiouu Iie, JIeTKO cKJagaTu (POPMYJIU Tij-
POKCUIIB: KiJIbKiCTh MApOKCUI-i0HIB y cKJami (hopMyabHOI OAUHUIIL I0-

I 1
piBHIOBaTMME BAJIEHTHOCTI MeTaJiuHOTO ejieMeHTa, HampukJjan: NaOH,

m I
Ca(OH)z.
Ha3Bu oCHOB CKJIaJalOTh TaK:
+ JIJISI eJIEMEHTiB 3i cTajiol0 BaJIEHTHICTIO:

Ha3Ba eJIeMeHTa + CJIOBO
B Ha3WBHOMY BiIMiHKY «TiIPOKCHUI»

nanpukaan: Ca(OH), — xaneniii rigpoxkcun, NaOH — narpiii rigpox-
cupn;
* IJIS eJIeMEeHTiB 31 3MiHHOIO BaJIEHTHiCTIO:

Ha3Ba eJIeMeHTa + BaJIEHTHICTH + CJIOBO
B Ha3UBHOMY BiAMIiHKY (v mysKKax) «Tigporcum»

nanpukaazn: Fe(OH), — depym(Il) rinporcug, Cu(OH), — xynpym(II)
rizpokcup.
Heoprauiuui ocHOBU IIle Ha3WBAIOTh TiAPOKCHIAMM.

Cepen HeOpraHiYHWUX OCHOB BUIIJIAIOTH ABI rpynu: Jayzu (po3UumHHIL
TiApOKCUAM) Ta Hepo3yuHHi 2idpoxcudu. Po3umHHiICTH TiApoKcumaiB (akK
i iHmMIUX pPeYoBUWH) MOKHA BUBHAUUTU 3a TAOJUIEI0 PO3UYMHHOCTI (IUB.
(dopsarn, 2). Hanpukaan, ocaoa NaOH, mo cknagaersesa 3 Karionis Na'
ta amiomiB OH™, e posumuHO0O (Majy. 26.1).



§ 26. Knacu HeopraHiyHux cnonyk

Hasga Karionn
Anionu .
aniona H* | Li* | Na* | K* |NH,*| Mg?" | Ca%"
\

OH" TiIPOKCH] P >|§| P P H M
F dryopus P M P P P H H
Cl” XJIOpUA P P P P P P P
Br~ 6pomiz P P P P P P P
. Honun P P P P P P P

Man. 26.1. ®parmeHT Tabnuui PO34YMHHOCTI: HA NMepPEeTUHi BiANMOBIAHOroO KaTioHa 1 aHi-
OHa 6ykBa P no3Hauyae po3umHHY peyoBuHY, M — Manopo3umHHy, H — Hepo3uMHHY

AmboTepHi rigpokcungn

Q\ AmdoTepHi rigpokcnan — ue rigpoKCMAK, Wo BUABAIOTb BAACTUBOCTI | KMC-
“C~. 0T, | OCHOB.

AmdorepHi TiApoKCHAM YTBOPEHI TUMU CAMUMHU €JeMeHTaMHu, II0
1 amporepHi okcuau (cxema 3, c. 136). o amdoTepHUX TiAPOKCHUIIB
nanexats: Be(OH),, Zn(OH),, Al(OH);, Cr(OH);, Fe(OH),, Pb(OH),.

Coni

Y mobyTi cimgio Mu 3a3BUYail HA3MBAEMO JIMIIE OAHY Cijib — KY-
XoHHY, ToOTO Harpiii xmaopus NaCl. OgHak y ximii comsaMu Ha3uBarOTh
iU KJAc CIOJYK.

.\ Coni — ue cnonyku, Wo CKNajatTbCA 3 aTOMIB MeTanivYHMX efleMeHTIB i KnC-
¢ ~®@  noTHUX 3annLWKiB.

Y ¢dopmyaax cosei Ha MEPIIOMY MiCIli MUIITYTH CUMBOJ METAJiYHOTO

eJIeMeHTa, a IOTIM — KUCJIOTHUN 3aJUIIOK:
MeTaNYHuiA | 4 | KHCIOTHME | Hal'IpI/IKJIaI[
eJIeMeHT 3AJINIIOK

141



TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

HasBu coJeii CKIamaoTh TaK:
* JIJISI eJIEMEHTiB 3i cTajiol0 BaJIGHTHICTIO:

B HA3WBHOMY BiIMiHKY

HasBa eJieMeHTa 4+ | HasBa KHCJIOTHOTO
3aJTUIIKY

nanpuraan: K,SO; — kaxniit cynbdir, CaCO; — raabuiii kapGoHar;

e IS eJIEMeHTiB 3i 3MiHHOIO BaJIEHTHiCTIO:

Has3Ba eJjIeMeHTa + | BaseHTHiCTD
B HA3WBHOMY BiIMiHKY (v ny:xkax)

+ | HasBa KHCJIOTHOrO
BaJUIIKY

nanpukaan: FeSO, — depym(Il) cyanpar, CuCl, — xynpym(II) xmo-

pun.

DopMyan cojJiell CKJIAZal0Th aHAJOTIUHO (opMyJgaM OKCHIIB 3a Ba-
JICHTHOCTAMM METaJIiYHOT'O eJieMeHTa ¥ KHCJIOTHOTO SAJIUIIIKY .

Anroput™m ckiaanaHHsg (opMys coiaeit
(Ha mpukJanmi HaTpiii oprodocdary Ta adOMiHIE cuIiKkaTy)

1. 3anucyemMo CUMBOJI METAJIiYHOT'O I
eseMeHTa (Ha IepIIoMy Mici) Na
# KMCJIOTHOTO BAJIUIIKY Ta BKA3yeMo ix
BaJIEHTHOCTI

II1 11T II
PO, Al SiO,

kparHe (HCK) nyia 3HaueHb BaJeHTHOC-
Ten

2. O6uuncIII0eMO HATMEHIIIe CITiJIbHEe HCK(1i3)=3 HCK (3i2)=6

MEeHTa ¥ KMCJOTHOTO 3aJIUIIKY

3. O0uMCII0EMO iHIEKCH, PO3ALIUBIITT 3:1=3(Na) 6:3=2(Al
HCK Ha BajIeHTHiCTh METAJIiuYHOTO eJie- 3:3=1(PO,) 6:2=3(Si0,)

4. 3anucyemMo iHIeKCH IIicsi CUMBOJIiB I

BaJTUIIKY

MeTaTiuyHOro eJIeMEHTa i KUCIOTHOTO Naz PO, Al,(Si03)5

III III II

Hesaxi coi, 1o ITMPOKO BUKOPUCTOBYIOTHCA B IIOOYTi, KpiM HayKO-
BUX, MalOTh N0o0OyTOBi (Tpaxuiiiini) HasBu. Hanmpukiaza, Bu BiKe 3HAETE,
mo Harpiii xygopun NaCl masmBaroTh KYXOHHOIO ab0 KaM’sSHOIO CiJLIio,
Harpiii kapbonar Na,CO, — Ie KaJblMHOBaHA COJa, Kaliil KapOoHAT
K,CO; — moram. Tpaawumiiini HasBu HaWOiNbII yKMBAHUX COJEH Ha-

Bemeno B [Momatky 1.
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» YucTa KyxoHHa (kam'aHa) cinb — 6e3bapBHa peyoBUHA. A OCb «penika-
TeCHa», abo «LapCbKa», Cilb MA€E HiXKHO-POXKEBUI KOJip Ta NPUEMHUN
3anax 3aBfAKM BMICTY MiIKPOCKOMNIYHUX BoJopocTen. B YKpaiHi Taka cinb
TpannAeTbca Ha Gepesi conoHux CMBaACbKMX O3ep, PO3TallOBaHMX Ha
3axogi A3oBcbkoro mopsa. Came 3BiACM MOUMHABCA LWAAX YKPAIHCbKMX
YyMaKiB.

« PigKko TpannAeTbcAa M CMHA KaM'AHA Cinb. Y HiM MICTATbCA HaAWLIKOBI
noHn Hatpito, To6TO B KpncTani coni MoHiB HaTpito gewo 6inblue, Hix
noHiB Xnopy. Lle n 3ymoBnoe cvHE 3abapBfieHHA. Y pasi PO3UMHEHHS
TaKkoi coni y BOAi YTBOPIOETbCA 3BMYANHUN 6e36apBHUIN PO3UKH.

JliHesicmuyHa 3adaya

Qopmyna KCnoTu NoBHiCTo BifobparkeHa B iT Ha3Bi. OCHOBY Ha3BMW KMCIOTA CTaHO-
BMTb Ha3Ba XiMiYHOro enemeHTa, Wo ii yTBoptoe (enemeHT Cynbdyp YTBOPIOE Cynb-
daTHy, cynb®iTHY Ta cynbdifHy KMCNOTN). AKLLO eNeMeHT, AKNIA YTBOPIOE KNCIOTY,
nepebyBa€ y BULLi BaNIEHTHOCTI, TO MONIeKY/a KUCIOTU MICTUTb HanbinbLly MOXNNBY
KinbkicTb atomiB OKcUreHy cepep 3a3HauyeHUX KUCOT, @ B Ha3Bi KNCNOTK € cydikc
-am: cynbdartHa H,S0,, (BaneHTHicTb Cynbdypy VI — Brwa). AKwo atomis OKcureHy
B MOMEKY/i KNC/IOTK MeHLe Ha 1, TO 11 BaNeHTHICTb efleMeHTa MeHLwa Ha 2, a cydikc
-am 3aMiHIOETbCA Ha -im: cynbdiTHa H,SO, (BaneHTHicTb Cynbdypy IV). AKwo enemeHT
YTBOPIOE 6E30KCUTEHOBY KUCSIOTY, TO B HA3Bi NPUCYTHI cydikc -id (-ud): cynboigHa
H,S. YcTaHOBITb BiiMOBIAHICTb MiX Ha3BaMM KUC/IOT, HAaBEAEHUMU B Tabnuui 7 Ha
€. 138-139, Ta onucaHMMn TYT NPUHLMMNAMN.

',*"@\ BuCHOBKM
(=

1. Okcmawn cKnapaloTbCA 3 aTOMIB ABOX XiMIYHUX €/IEMEHTIB, OAUH i3 AKUX —
OkcureH. Ha3Bn okcupiB cknapaloTbCA 3 ABOX CAiB: Mepue — Has3Ba Xi-
MIYHOrO enemMeHTa, WO YTBOPIOE OKCWA, Apyre — C/OBO «oKcua». Ana
€NeMeHTIB 3i 3MIHHOK BaneHTHICTIO B Ha3Bi OKCMAiIB 0OOB'A3KOBO BKa3y-
I0Tb BaJIEHTHICTb efnemMeHTa.

2. Kwucnotn cknapatotbca 3 MOHIB ligporeHy Ta KWCNOTHMX 3anuwiKiB. 3a
BMicToOM OKCWreHy KMCNOTW MOAINAIOTb Ha OKCUIeHOBMICHI Ta 6e3oKkcure-
HOBI, a 3a KinbKicTio aTomiB igporeHy — Ha OfHOOCHOBHI, IBOOCHOBHI Ta
TPUOCHOBHI.

3. HeopraHiyHi 0CHOBM Ha3uBaloTb rigpokcngamn. BoHn cknagatoTbca 3 ato-
MiB MeTaniuyHnX enemeHTiB Ta rigpokcunbHux rpyn —OH. KinbkicTb rpyn
—-OH y cknapi rigpoKc1aiB AOPIBHIOE BaNeHTHOCTI MeTaiuyHOro enemeHTa.
Cepep rigpokcngis BUAinA0Tb Nyr (PO3UMHHI Y BOAI rapoKCMAN) Ta He-
PO3UNHHI rigpokcnamn. Ha3eu rigpoKcnais cknagatoTbCa 3 4BOX CAiB: Ha3BU
MeTasliyHOro enemeHTa Ta CJI0Ba «rigpoKcua».

4., AmdoTepHi rinpokcman — rigpoKcnan, Wo BUSBNATb BNACTUBOCTI i KNC-
J10T, | OCHOB.
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5.

Coni cknagatoTbCA 3 aTOMIB MeTaniYHNUX eIeMeHTIB Ta KUCIOTHUX 3aNuLL-
KiB. Ha3Bu conen cknagatoTbCs 3 ABOX CJiB: HAa3BW MeTaniYHOro efnemeHTa
Ta Ha3BW KWUCNOTHOrO 3anuwiKy. [inA enemeHTiB 3i 3MiIHHOK BaNeHTHICTIO
YKa3yloTb IX BaJIEHTHICTb y cnonyui.

9 KoHTponbHi 3annTaHHA

ounpwNe

® N

10.

1.

12.

13.

AKi peyoBMHN Ha3MBalOTb OKcMgamn? HaeediTb NpuKnagm okcugis.
3anuwiTb 3aranbHy dopmyny oKcMAis.

AK 3a ximiyHOI0 GOPMYNOI0 BU3HAUNTH, € OKCUA KUCTIOTHUM Y OCHOBHMM?
AKi okcnmam HanexaTb [0 HeCONeTBOPHUX?

[ante Bu3HaueHHsa Kucnotam. Lo Ha3mBaTb KUCNIOTHMM 3anMLWKOM?

3a AKMMKM 03HaKamu KnacnoikyoTb KucnoTn? HasgiTb rpynu, Ha sKi po3no-
AiNA0Tb KNCIOTU 3a PI3HMMK O3HaKamu, i HaBediTb BiANOBIAHI NpuKnagw.
AIKi peyoBMHM HanexaTb 4O Knacy ocHoB? AKi 3 HUX € nyramu?

AIKi cnonykn HanexaTb Ao conemn?

PeyosuHun, dpopmynu akux KNO,, FeCl,, Na,SO, HasuBaloTb: a) conamu;
6) KMCNoTamu; B) OCHOBaMU; I) OKCUAaMMU.

PeyosuHu, dopmynn saknx HNO,, HCl, H,SO, HasmBaioTb: a) conamu;
6) KMCNoTamu; B) OCHOBaMU; I) OKCUAaMMU.

PeyosuHu, popmynu akux NO,, Fe,O,, Na,O, Ha3uBatoTb: a) conamu; 6) Knc-
NlIoTaMu; B) OCHOBaMU; I) OKCUAAMMN.

Coni yTBOpEHI: a) aTOMaMun MeTaNiYHUX eNleMeHTIB i KNCIOTHUMI 3auLUKa-
Mu; 6) aToMaMmn MeTaniyHMX enemeHTis i rpynamu —OH; B) aTomamu Tigpo-
reHy  KACNOTHUMU 3anLLKaMu.

Y dopmynax KACNOT Ha nepLiomy MicUi 3anmMcaHuii cumBon: a) OKcureny;
6) lpporeHny; B) Cynboypy; r) KapboHry.

3aBAaHHA ANA 3aCBOEHHA MaTepiany

1.

2.
3.

Bu3HauTe BaneHTHOCTI enemMeHTiB B OKCMAaX i 3anuLWiTb Ha3BY LMX CMONYK:
P,0,, SO,, Na,0, MgO, Ca0, Mn,0,, SnO,, 1,0, CrO,, Cu,0, CuO.

HaBepiTb Npuknagn HeconeTBOPHMX okcuiiB. Yomy ix Tak Ha3uBalTb?
Cknagitb dopmynn Takmx okcugie: Kanii okcmp, docdop(lll) okeng,
apreHTym(l) okeng, depym(ll) okema, xnop(lV) okcua, HitporeH(V) okcug,
unHk okeng, aypym(lll) okema, cynbdyp(VI) okcnp, BaHagin(V) okcma.
3anuwite PopmMynn xnopuaHoi, cynbdaTtHoi, opToPocdhaTHOi, KapboHaT-
HOI, c1nikaTHOI, cynb®igHOT Ta HITpaTHOI KMCNOT. MigKpecniTb KNCNOTHI 3a-
NNWKN Ta BU3HaUTe IX BaNIeHTHICTb.

HaBefiTb MO 4OTVPWM NPUKNAAN OKCUTEHOBMICHMX Ta 6Ge30KCUreHOBUMX
KNCIOT.

13 Tabnuui 7 (c. 138) BUNuUWiTh GOPMYNUN KACNOT: @) OKCUreHOBMICHOI OfHO-
OCHOBHOI; 6) 6€30KCMreHOBOT IBOOCHOBHOI; B) OKCMIe@HOBMICHOT TPUOCHOB-
HOI; T) 6€30KCUreHOBOT OHOOCHOBHOI; 1) OKCUT€HOBMICHOI JBOOCHOBHOI.



§ 27. Okenan: di3nyHi BNACTUBOCTI, MOLMPEHICTb Ta 3aCTOCYBaHHA

7. Cknapitb ¢dopmynn rigpokcuais Kanito, Marnito, Cranymy(ll), UunHky,
Xpomy(lll), Kynpymy(ll), bapito. Minkpecnite dopmynu nyris.

8. I3 Tabnuui po3umHHOCTI (AMB. dop3al 2) BUNWLWITL MO ABA NpuKnaan ¢op-
Myn COneit: a) XNOPUAHOT KMCNOTH, WO HEPO3UUHHI Y Bogi; 6) KapboHaTHOT
KUCNOTK, WO PO3UMHHI Y BOZI.

9. Hassitb coni: K,50,, Cr(NO,);, MgCl,, CusO,, SnCl,, AgNO,, AIPO,, BaSO,,
BaS, BaSO,, Na,SiO,, NaBr, MnSO,, Ag,S, Mg,(PO,),. YkaxiTb Hag ¢popmy-
NaMU 3HaYeHHA BaJIeHTHOCTI MeTasliYHOro efiemMmeHTa Ta KUCIOTHOroO 3a-
JINLLKY.

10. Cknagite dopmynu conei: Kanbuiil Xnopui, mMarHii KapboHat, LUMHK Hi-
TpaT, afoMiHIN HITpaT, Kanii KapboHaT, HaTpili cynbdaTt, Kanbuin cunikarT,
apreHTym(l) xnopwua, marHin cynbdit, aniominin cynooig.

§ 27. Okempgm: PpisnyHi BNacTMBOCTI, NOWINPEHICTb
Ta 3aCcTOCyBaHHA

MpurapaiTe: 3anexHicTb Gi3NYHKX BNACTMBOCTEN PEYOBVH Bif TUMY XiMiYHOTO 3B'A3KY
Ta KpuCTaniyHux rpatok (3a § 21).

BynoBa Ta ¢i3nyHi BNacTMBOCTI OKCMAiB

Cepen OKCHAIB TPAILIAITHCS PEUOBUHMN i MOJEKYJSAPHOI, i HemoJe-

KyJasapHoi 0ynoBu. Bymosa oKcumiB 3yMoOBJIIO€ ixXHi (pismuHi BacTHUBOCTI.
BinbmricTs oKcuaiB HeMeTaTiyHUX €JeMeHTIB (KUCJIOTHI OKCUAM) —

Ie IepeBa’KHO PEUOBUHU MOJIEKYJISAPHOI OyIOBU 3 HEBEJIUKUMHU TeMIlepa-
TypaMu ILJIaBJ€HHS M KHUHOiHHA. 3a 3BUUYANHNX YMOB KHCJIOTHI OKCUIAU
TPAIJIAIOTLECA B PiBHOMY arperaTHOMY CTaHi, TOOTO OyBalOThL TBEPAUMH,
pPigKuMu I Tas3omomiOHIMU.

Oxcuau MeTadiuyHuX eaeMeHTiB (ocHOBHI Ta amdoTepHi oKcuan) € pe-
YOBUHAMHU MepeBasKHO HOHHOI OymoBu. Ile TBepAi KpucramiuHi peuoBUHHA
3 BHCOKOIO TeMIIEpPATypoOI0 IIJIaBJeHHA II KUIiHHsS. Biabmiicts i3 HuX
He PO3UYUHAIOTHCSA y BOII.

OCKinpKu OijbINicTh XiMIiUHMX €JIEMEeHTIiB € MeTAJIiuHMMM, TO MOYKHA
CTBEPAKYyBaTH, II0 OiIBIIICTE OKCHUIIB € TBepAMMU pedoBumHaMu. TBep-
IUMU TaKOMK € JedKl OKCUAM HeMeTaJiuHUX eJIeMeHTiB, HaIpUuKJIal
cuniniin(IV) oxkcun ta dochop(V) oxcus.

TazomomiOHUX OKCHIIB 3HAUHO MeEHINEe. YCi BOHM € MOJEKYJIAPHU-
MU peYOBHMHAMHU Ui yTBOPEeHiI HemerasiuHnuMu egementamu: HiTporeH(IV)
okcuy Tta HiTporeH(II) oxcuza, rap6onH(IV) okcunx ta rap6or(Il) oxcum,
cyasdyp(IV) okcup Torro.

I numre xinbKa OKCUAIB 3a 3BUYAHUX yMOB I1epe0yBaiOTh y PiAKOMY
crarni: H,0, N,0,, SO,, ClO,, ClO,, Cl,0;, Mn,O..



MNowwupeHicTb okcuais y npupogi

Tigporen okcupg (Boza) HaABHWU y MOBiTpi y BuUriaaxni
BOAAHOI Mapu 3aBAIKM BUIAPOBYBAHHIO BOAUW 3 IOBEPX-
Hi mIaHeTu. 3a MeBHOI TeMIlepaTypH Tras3oIomibHa Bomaa
TIepPeTBOPIOEThCA HAa PiAKY I BUIIaae y BUTJIAAL POCHU
abo morry.

Kap6ou(IV) orkcunm (Byriekumcauii ras) BUAIIAETHCSI
B arMmoc(epy B pe3yabTaTi AUXaHHA OpPraHi3MiB, BU-
BePJKEHb BYJIKAHIB Ta TEeXHOTeHHOI AisiIBHOCTI JrOou-
Hu. IloramHaeTbCs pOCAMHAMY I Yac (POTOCHMHTE3Y.
Pasom i3 BomoI0 3yMOBJIIOE TAPHUKOBUII e(eKT, came
TOMY IIJTAHETA He OXOJIOAKYETHCA O KPUTUYHO HUBBKUX
TeMIIepaTyp.

Hirporen(IV) okcup i cyaspyp(IV) oxkcun (cipumcrtuii ras)
YTBOPIOIOTHCS IIi/T Yac BUBEP;KEHHsS BYJKaHIB, IIig uyac
TPO3U Ta B pe3dyJbTaTi TeXHOTeHHO1 AisaapHocTi. I1i okcu-
I 3yMOBJIIOIOTH BUHUKHEHHSA KUCJOTHUX OOIIiB. € ox-
Hi€l0 3 IPUUYNH 3a0pYyAHEHHS IIOBITPA Y BEIMKNUX MicTax.

Hirporen(IV) okcum NO, — orpyiinuii raz Gyporo Ko-
JBOPY, AKUN Ha3WBAIOTh «JUCAYNM xBicT». Ilorpamise
B aTMoc(epy 3 BUKUIAMI MEeTAJTYPrifHuX i XiMiuHMx mif-
npuemcTB. IIpu B3aemomii 3 BOJAHOI Mapoi0 YTBOPIOE Hi-
TPaTHY KUCJOTY, 1110 € OJHI€I0 3 MPUYNH KUCIOTHUX TOIITiB.

Cuniniin(IV) oxcum SiO, HasuBarTh KpeMHE3eMOM,
OCKiJTBKM BiH € CKJIQIIOBOIO TiCKy, I'PYHTiIB, 0ararbox
MiHepaJliB: KBapIly, TI'ipCbKOr0 KPHUIITAJIO, XPUIOJITY,
ameructy ToIio. ¥ Kapmarax sHaiiieHo yHiKaIbHUI pis-
HOBH/J, KBapIIOBUX KPUCTAJIIB — MapMapoCbKUI AiaMaHT.

Antominiit oxcun Al,0; € ocHOBOW 06araTbox MiHe-
paixiB: pyb0iny, xpus3obepunay, KOPYHAY ToIio. Paszom
i3 cuaimi#i(IV) okcumoM € CKJIamOBOIO I'PYHTIB i mo-
pim, 3oKpemMa OOKCUTY, 3 AKOTO JOOYBaIOTh AJIOMiHii.
B Vkpaini Beauki mokjgamu OOKCHUTIB 3HaigeHO B 3a-
kapnarti Ta Ilpuasos’i.

®epym(IIl) orcun Fe,0; yrBOpIOE GaraTo MiHepais:
reMaTuT, JiMOHIT, MAarHeTUT TOIIO, 3 AKUX AOOYBAIOTH
3aJ1iz0, a TaKOoXX BUKOPUCTOBYIOTHL AK BUPOOHWI Ka-
Minb. B Vkpaini pomoBuina mmux MiHepasiB posamirieHi
B Kpuopisskomy 3aisizopynuHomy Oaceiini.




BukopuctaHHA okcmais

KBapn i kBapumoBuii micOk — CHUpPOBUHA A
BUPOOHUIITBA CKJa. CKJIO 3 UMCTOTO KBapIly
€ OysKe IIHHUM MaTepiajoM, TOMY IO BOHO
npomyckae yiabTpadioseToBe BUIPOMiHIOBaH-
HA (JaMOu 3 KBapIlOBOTO CKJIA BUKOPUCTOBY-
I0Th Y COJIAPiAXx).

ITopoau 3 BeJIMKMM yMiCTOM aJIOMiHIi OKCH-
Iy BUKODPHUCTOBYIOTH IJIA NOOYBAaHHSA aJIOMi-
HiI0 — KOHCTpPYKIIifiHOTO MaTepiany. PisHoBU[
AJIIOMIiHIN OKCHUIY — KOPYHJ — € Iy’Ke TBep-
IVNM MiHEpaJIOM, HOTr0 BUKOPUCTOBYIOTH IJIs
00pOOKM MeTaleBUX, KEepaMiuHUX Ta iHIIUX
II0OBEPXOHb.

Oxcunu ®epymy Fe,0; Ta Fe O, BUKOpUC-
TOBYIOTH IJisi HoOyBaHHs 3ajaisa. Taxkoxx Ha
iX OCHOBi BUTOTOBJAITHL KOPUUHEBY (apby
(Boxpy) Ta (hepomMarHiTHi MOKPUTTA AJA ay-
Iio- I BiIeOmJIiBOK i IIJIaCTHH KOPCTKUX MAar-
HiTHUX AUCKiB (BiHuecTepiB).

Xpom(III) oxcux Cr,0; BUKOPUCTOBYIOTD /1A
BUTOTOBJIEHHA ILIihyBasbHOI mactu (mactu
HOI) Ta semnenoi ¢papdou. B Ykpaiui xpom(III)
OKCHUJ] TPAILIAETHCA y BUTJIALL XPOMiTOBOTO
spyneuinua B Cepegabomy IToOyxsKi.

Turan(IV) okcun TiO, ta muak okcun ZnO
€ OCHOBOIO 6isol (hapbu (TMTAHOBI Ta MUHKOBI
6innaa). Ix BUTOTOBIAIOTH Y BeIUKOMY 06CA3i
Ha XiMiuHMX mignpuemMcrBax YKpainu. Beju-
Ki moksaaau turan(IV) okcuay y BUrasami mine-
pany pyruny € B IIpunuinpos’i Ta Ha BosuHi.
ITe maiizke 20 % cBiTOBUX 3amaciB TUTaHY.

Marsii okcun MgO (nmaneHa mMarsHesist) BUKO-
PHUCTOBYIOTH IJIsI BUPOOHUIITBA BOTHETPUBKUX
mMaTepiajiB, IIEMEHTY, OUYMIIEeHHSA Ha(TOIPO-
OYKTiB, AJs1 BUTOTOBJIEHHS JIIKAPCBKUX IIpe-
maparis.

Kaasuiit okcung CaO (Herairerne BamrHO) BUKO-
PHCTOBYIOTH AJIA BUTOTOBJEHHS OyIiBeIbHUX
MaTepiajiB — BallHa, IIEMEHTy, IeTJin, a Ta-
KOK Y CiJIbCBKOMY TI'OCIIOJAPCTBI.
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« I3 uncroro cuniuin(lV) okenpy nobyBaloTb Tak 3BaHe KBapLioBe CKio. BoHo
BUABNAE CTIMKICTb Nig yac HarpiBaHHA go 1000-1200 °C. Ha BigMmiHy Bif
3BUYANHOIO CKJla, BOHO MalKe He PO3LMPAETbCA Mif YaC HarpiBaHHs,
a MpY OXOJIOAXKEHHI He CTUCKAETbCA. TOMy CKNAHKY, BUTOTOB/IEHY 3 KBap-
LOBOro CKna, MoxHa Harpitm go 1000 °C, a noTim pi3ko oxonogutn nig,
CTpymeHeM BoAu. KBapLoBa CK/fiHKa NpW LbOMY He TpiCHe N He po3-
NTAMAETbCA, Ha BiAMIHY Bif CKNAHKW 3i 3BMYANHOro CKia.

« barato BMNagkiB cnocTepexeHHA MNPUBUAIB MOACHIOETbCA MOraHo
CUCTEMOIO OManeHHsA. AKWO B MPUMILLEeHHI HaKOMUUYETbCA YafHWUN ras
(kap6oH(ll) okcmp), TO HaBiTb y Manin KOHLEHTpaUil BiH Npn3BoAUTb A0
OTPYEHHS, AKE Pa30M i3 rONIOBHUM 6051eM Ta BiguyTTAM YTOMU CIPUYNHAE

30pPOBi Ta CNYyXOBi ranoumHaLil.

s

BucHoBKM

1.  Okcnpu — py»ke nowmpeHi Cnonykn B MpMpofi 3aBAAKN BEIMKOMY BMICTY
Okcureny Ha 3emni. OcHOBHI Ta amdOTepHi OKCMAM 3a 3BUYANHMX YMOB
3aBXAan TBepAi. KNCNOTHI oKcan MoXyTb nepebyBaTty AK y TBepAOMY, TakK
i B pinkomy 11 razonofibHomy cTaHax.

2. Okcupwn yTBOPIOKTL LiHHI NpupoaHi MiHepanu. OKCMAN LUMPOKO BUKOPUC-
TOBYIOTb AN1A BUroTOBNeHHA dapb Ta OyaiBenbHUX maTepianis.

KoHTponbHi 3annTaHHA

1. HazBiTb okcuaw, wo TpannawTbca B atmocdepi, rinpocdepi, nitocdepi.

2. Big yoro 3anexaTb ©¢i3nuyHi BnacTMBoCTi okcuaiB? Haeepitb npukna-
AN OKCUAIB, WO 3a 3BMYANHKX YMOB nepebyBaioTb y TBEPAOMY, PifKOMy
1 rasonofibHoOMy cTaHax.

3. HaBegiTb Nprknagy BUKOPUCTAHHS OKCUAIB.

3aBAaHHA ANA 3aCBOEHHA MaTepiany

1. Cknagito dopmyny pevyoBuH: KanbLin okcua, Kanin okcng, docdop(V)
okeung, docdop(lll) okeuna, 6apii okcma, UMHK OKcmA, 60p oKcua, antoMmiHin
okcua. AKi i3 UMX OKCMAiIB OCHOBHI, SIKi — KUCNOTHI, a AKi — amdoTepHi?

2. Cknapitb Gopmynu N Ha3BW PEYOBUH: a) ra3 — OKCMA, WO MICTUTbCA
B MOBITPiI N HeobXigHU pna GoToCMHTE3y; 6) OKCUA, WO YTBOPIETLCA
B aTMocdepi nig yac cnanaxy 6n1McKaBKu; B) OKCUA, O «racATb» BOLOIO;
r) OKCWJ, WO € OCHOBHOIO CKMaAoBOI0 MICKY; A) OTPYWHWIA OKCUA, WO Ha-
31BaOTb YaHUM ra3oM; €) OKCUf, WO Mae GpepoMarHiTHi BNacTUBOCTI.

3. MaHraH moe YyTBOPIOBaTW [eKifibka OKCUAIB, Y AKUX BiH BUABMAE Ba-
nentHocTi I, 1Il, IV, VII. Cknagite dopmMynn LmMX OKCMAiB Ta iXHi Ha3BW.



§ 28. XiMiuHi BNacTUBOCTI OKCUAIB

4. Xpom Moxe YTBOPIOBATU [Ba OKCWMAW, Y AKUX BiH BUABMAE BaNIEHTHICTb
[l Ta VI. Cknagite dopmynm Lmx oKcMAiB Ta 06UMCiTb MacoBy YacTKy Xpo-
My B HUX. [lo AKOI rpynn OKCUAIB BOHWN Hanexartb?

5. (Cknagitb pPiBHAHHA peakuil YTBOPEHHA 3 MPOCTUMX PEYOBMH OKCUAIB:
a) Cynboypy(lV); 6) Hitporeny(ll); B) Antomiito; r) ®epymy(ll); g) ®ocdopy(V).

6. Cknagitb piBHAHHA peakuill rOpiHHA MarHito, NiTilo Ta Byrneul B KUCHI.
YKaxiTb Ha3Bu JO6YTUX OKCUAIB.

7.  O6umcniTb KinbKicTb aTomiB HiTporeHy B 3pa3Ky HiTporeH(l) okcugy o6’emom
28n.

8. I3 TekcTy naparpada BUNWLWITb OKCKUAW, WO MICTATbCA B MOBITPI, Ta 06UnC-
NiTb X BIJHOCHY r'yCTUHY 3a MOBITPAM.

9%, fKi rasonopibHi okcmawy, Wo 3abpyaHiolTb aTMocdepy 3emni, BU 3HaeTe?
Po3rnaHbTe WnAaxu, AKMMU BifbyBaeTbcA 3abpyaHeHHA aTMocdepu. 3anpo-
MOHYINTe cnocobu 3anobiraHHA 3abpyAHEHHIO MOBITPSA.

§ 28. XimiuHi BnacTnBocTi okcnpis

Mpurapante:
- Knacudikauito okcuaie (3a § 26);
+ AKi €NeMeHTN HanexaTb [0 POAMH NYXHUX Ta JY>KHO3eMeNbHUX efleMeHTiB (3a § 4).

B3aemopia KMcnoTHUX OKCuAiB i3 BOAOI

VYei kucsoTHi okenau (3a BunaATKOoM cuinii(IV) okcuny SiO,) seryna-
IOTH Y PEaKIIii CIoJIlyueHHA 3 BOJOI0. ¥ pe3yJsIbTaTi peakIliii yTBOPIOIOTHCA
KHCJIOTH, IO BiAIIOBiAalOTh ITMUM OKCHIAM:

kucaoraui okcua + H,0 — kmcaora

Ckiaagaoun PiBHAHHA TaKUX PeakIliil, ciaim mam’araru, Imo Bei Imi
peakIrii € peakI[iIMU CIOJYYeHHA, a (GOPMYJaYy IPOAYKTY PeakKIrii Jierko
BU3HAUNTHU, SIKIIO «CKJACTH» BCi aToMm 3 peareHTiB Ta 3almcaTh ix
CUMBOJIY Y BifiIOBimHOMY 1Jist (OPMYJ KUCJIOT IOPAAKY (Tabua. 7, c. 138):

S0, +H,0 = H,S0,
o N
o ® - 90

SKmIo K yci iHaeKcu BUABJIAIOTHCA IIAPHUMU, TO IX CJiJ CKOPOTUTU
Ha 2 Ta MOCTaBUTHU Koe(illieHT, HaIpUKJIAMI:

N,0, +H,0 = (H,N,0,) = 2HNO,



TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

@Dochop yTBOPIOE ABI KMCa0TU 3 pisHUM ymicToMm I'izporeny — mera-
(docharuy Ta oprodocharHy. Bouu yTBopioioThesa 3 dochop(V) oxkcunmy
MIIAXOM IPUETHAHHSA PisHOI KimbKocTi BomuU:

P,0,+H,0 = (H,P,0,) = 2HPO,
t
P,0, + 3H,0 = (H4P,0,) = 2H,PO,
CkJjaBIIM B TaKHi cmoci® PiBHAHHSA peakIlii KHUCJIOTHOTO OKCHUIY

3 BOJOI0, MOJKHa BU3HAUUTHU KUCJOTY, IO BiAIIOBilae TOMY UM iHIIIOMY
KHUCJIOTHOMY OKcuny (Tabi. 8).

Taoaumnga 8. KuciaoTHi okcuau Ta BigmoBimHi iM KHcIOTH

Kucaorauii okcun (aHrigpum) Kucaora
Co, H,CO,
N,0, HNO,,
N,O, HNO,
P,0, HPO, H,PO,
Sio, H,Si0,
SO, H,S0,
SO, H,SO,

B3aemopia ocHOBHMX OKCKUAIB i3 BOAOO

OcHOBHUM OKCHAAM BiAIIOBifalOThL OCHOBH, III0 MAlOTh YTBOPIOBATUCH
B pasi Bzaemonii okcuAiB i3 Bomo. AJje OiJbIIiCTL OCHOBHMX OKCHIIB
3 BOJOI0 HE B3AaEMOJIIOTH.

3BepHiTH yBary, 10 B peakiiiio 3 BOJ0I0 BCTYIAIOTh JUIIIe Ti OKCUAU,
AKi yTBOPIOIOTH Jyru (OKCUAM JIY:KHUX 1 JIyKHO3E€MEJIbHUX €JEeMEeHTiB).

Jlyru jierko BiApi3HUTM BijJi HEPO3UMHHUX TiAPOKCHUIIB 3a TAOJIUIIEIO
posuuHHOCTI (ZuB. (popsam 2), OCKiIbKU JYyrM — PO3UYNHHI TiApPOKCUIN.

ocuo6BHmit oxkcux + H,0 — ocnosa (iyr)

Na,0 + H,0 = 2NaOH

©00 - @
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CaO + H,0 = Ca(OH),

«)® + @ -~ ®=&

VYci am@orepHi rirpokcuayu HEPO3UMHHI ¥ BOIi, TOMy aM@OTEePHi OKCHU-
I1 3 BOIOIO He pearyioTb. Tak caMo 3 BOAOIO He pearyioTh HeCOJeTBOPHi
OKCHUJH1, OCKiJIbKM IM He BiAIOBiZarmTh aHi KucCJIOTa, aHi OCHOBA.

KncnotHo-ocHOBHI B3aemogii

OpuH i3 TrOJIOBHUX NPUHIIUIIIB B3a€EMOil XiMiUHMX PEYOBUH IOJIA-
ra€ B TOMY, III0 PEYOBUHU 3 KUCJIOTHUMM BJACTUBOCTAMU (KUCJIOTU Ta
KHCJIOTHI OKCHAM) 3aBXKIM B3a€MOIIIOTH i3 pPeUYOBMHAMM 3 OCHOBHUMU
BJIACTUBOCTSAMHU (OCHOBHU Ta OCHOBHI okcuan) (cxema 4). Peakmii misk Taxu-
MU PEYOBMHAMU HA3WBAIOTh KUCJIOTHO-OCHOBHUMM B3aEMOiaMu. BiacHe,
KUCJIOTH I OCHOBM — IIe Ximiuni nporumiaexuocti. [Iponykramu B3aemomii
Mi’X KHCJIOTHMMM! M OCHOBHUMM PEUOBHMHAMM 3aBXKIU € COJI.

Cxema 4. B3aemoaia pedyoBUH i3 KHMCIOTHMMHU BJIACTHUBOCTIMU

3 PeYOBMHAMM, N[0 MAIOTh OCHOBHi BJIACTHBOCTi

PeyoBuHM 3 KNUCNOTHUMU PeyoBunHM 3 0OCHOBHUMU

1 1 1 1
1 1 1 1
: B/TACTUBOCTAMMU 1 : BNaCTUBOCTAMM 1

1 1
1 1 1 1
: Kncnotn < : : > OcHoBu :
1 1 1
1 1
1 . 1 1 > Lo 1
, KucnoTHi okenpn < , , > OCHOBHi okcuaun ,
1 1

B3aemopgia okcmpaiB 3 OCHOBaMU 1 KMUCNOTaMu

Oxkcunam sxaTHi B3aeMogiaTy abo 3 KUcJaoTaMu, ab0 3 OCHOBaMU 3 YTBO-
peHHAM coJieit (cxema 4).

OcHOBHiI OKcHMAM pearyloTh i3 KHMcIOTaMu. Y MPOAYKT B3aEMOAil —
CiTh — MmepexoauTh METAJNIYHUI eJIEeMEeHT 3 OKCHUAY Ta KUCJIOTHUH 3a-
JIUIIIOK i3 KUCJIOTH.
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OCHOBHHH OKcuJ + Kucaora — cims + H,0

CaO+H,S0, = CaS0, +H,0
FeO+ 2HCI = FeCl, + H,0

3BepHITL yBary, 110 B TaKUX peaKIliAX BaJIEHTHOCTiI eJeMeHTiB He
3MIiHIOIOTBCS, 1 IX CJIi BUKOPHCTATH IJIs CKJIATaHHA (POPMYJIU YTBOPE-
HOi coui. EnemenTtu, 1o jaurmmuiauca ([igporex i Okcurex), yTBOPIOIOTH
MOJIEKYJIy BOJIU:

II 1II I 1 I I I 1II
MgO+2HCl=MgCly +Hs 0

AmM@oTepHi oOKCHAU pearyoTh i3 KHCI0TAMHU TaK CaMo, SK i OCHOBHI:

m I I 1 m I I I
Al2 03+6 HNO3 =2Al(NO3)3+3H20

KucmorHi okcuam B3a€MOilOTh 3 OCHOBAMHM 3 YTBOPEHHAM COJIi Ta
BOJII.

3BepHITH yBary, o KMCJOTHI OKCHIM BCTYIIAIOTh V XiMiuHI peaxirii
JUIe 3 JyraMu:

KHCJIOTHMH oKcua + ayr — cias + H,0

3amnucyoun PiBHAHHA peakIiii, ciaig ayske yBasKHO cKJagaTu (Qop-
MyJu coJieii. IIas mporo BapToO mam’sATaTH, AK BUBHAUUTU KUCJOTY, IO
BigmoBimae KucisoTHOMY OKcupay (tabda. 8, c. 150).

Tak, kapoou(IV) ogcnuy CO, Bignmosimae KapOboHATHA KUCJIOTA 3 KHUC-

JOTHEUM 3aJummKoM CQOs, ToMy B pasi B3aemogii xap6or(IV) oxcumy
3 OCHOBAMU YTBOPIOIOTHCA COJIi KapOOHATHOI KHCJIOTH — KapOoHATH:

CO, + Ca(OH), = CaCO,l + H,0 (CO, sinmosizae H,CO,)
CO, + 2NaOH = Na,CO, + H,0 (CO, siamosizac H,COy)

Cuniniii(IV) okcuny SiO4 BignoBifae culikaTHa KHUCJIOTa, TOMY B pe-
akmiax cuainiin(IV) okcuay 3 oCHOBAMU YTBOPIOIOTHLCA CHUJIIKATH:

Si0,+2NaOH = Na,SiO; + H,0 (SiO, signosizae H,SiO,)

AmporepHi okcumu 3 JyraMu B3a€EMOJiIOTH 30BCiM mO-iHIIIOMY, Iie
Bu BuBYaTuMeTe B § 37. [leAKi HecoJIeTBOPHiI OKCHUIM TAKOXK 3IaTHI
B3aEMOJiATH 3 JIyraMH, OPO IO BU Ai3HAETecsd IIiJl Yac IIOAAJBLIIIOTO
BUBUEHHS Ximii.
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B3aemopgia KNCNOTHUX i OCHOBHUX OKCUAIB MiX CcObO0

OcHOBHI Ta KMCJIOTHI OKCHUIM TAKOMK B3a€MOIIIOTH MisK CO0OIO 3 yTBO-
peHHAM coJjeit (cxema 4, c. 151).

KHCJIOTHUH OKCHA + OCHOBHHH OKCHUI — CiJb

Bararo Takux peakiiii BigOyBarTbhCcA JIMIIE ITiJ Yac HarpiBaHHAd.

1106 mpaBUJIBLHO CKJIACTY PiBHAHHS peakIlii, cJiJi IpaBUJIbHO BU3HA-
YUTU KUCJOTY, IO BiAmoBimae KucJoTHOMY okKcunay (tadm. 8, c. 150).

Kucnoraomy cynabpdpyp(IV) okcunmy BimmoBimae cyiab(pirHa Kuciora,
TOMY IIPOAYKTOM Peakxilii 3 OCHOBHHM KAaJIbI[ili OKCHUIOM € CYJb(iT:

S0, +Ca0 = CaSO4 (SO, signosizae H,SO,)

VY pasi Bzaemoxmii gocdop(V) okcuay 3 OCHOBHMM OKCHUAOM 3aJIEHKHO
BiJl CHiBBiZHOIIIEHHS OKCHUIIB MOKYTh YTBOPHUTHUCA IBi cosi — meradoc-
dat i oprodochaT, OCKIIBKM IBOMY OKCUJIY BiATIOBiZAIOTH ABiI KUCJIOTHU:

Ca0 + P,0, = Ca(PO,), 3Ca0 + P,0; = Ca, (PO, ),

)

1.

4,

(P,0, Bigmosigarors HPO, Ta HPO,)

‘? BuUcHOBKU

Kncnotu Ta KUCNOTHI OKCMAN — PEYOBUHN 3 KUCIOTHUMM BIACTMBOCTAMMU.
OCHOBM Ta OCHOBHI OKCUAN — 3 OCHOBHUMW BRACTUBOCTAMU. PeuoBuHu
3 KUCJIOTHMMKY BNAaCTUBOCTAMU B3aEMOJIOTb i3 peUOBMHAMM 3 OCHOBHUMM
BNACTVBOCTAMU 3 YTBOPEHHAM CONeN.

KncnoTHi okcnam B3aEMOAiOTb i3 BOJOI 3 YTBOPEHHAM KWUCNOT. [Ana Bu-
3HAYEHHA KUCIOTK, O BiANOBIJAE KNCIOTHOMY OKCMAY, HEOOXIAHO CKMac-
TV PIBHAHHA peaKuii B3aEMOAii KMCIOTHOro okcngy 3 Bopot. OCHOBHI
OKCUAN MOXYTb B3aEMOJIATU 3 BOZOI 3 YTBOPEHHAM OCHOB JMLLE 3@ YMO-
BU, O YTBOPIOETLCA PO3UMHHA OCHOBA (Nyr). AMGOTepHi Ta HeCONeTBOPHI
OKCUAN 3 BOAOIO He pearyioTb.

OcHOBHI Ta ampOTepHI OKCMAKM pearytoTb i3 KMCNOTaMun 3 YTBOPEHHAM CO-
nen. BaneHTHOCTI meTaniyHOro efieMeHTa B COMi Ta KUCNOTHUX 3aunLLKIB
Npu LUbOMY He 3MIHIOITbCA. KUCNOTHI OKCMAN B3aEMOAIIOTb nuLle 3 po3-
YMHHMMMK OCHOBaMU (nyramu), yTBOpIOOUM Cinb i BOgY.

MpoaykTamy B3aEMOAiT OCHOBHUX Ta KNCIOTHMX OKCUAIB € CONi.

Q KoHTponbHi 3anuTaHHA

1.

AKi pevyoBMHN BUABNAIOTb KUCIOTHI BNACTMBOCTI, a AKi — OCHOBHI? Cno-
NYKN AKOro Knacy yTBOPIOIOTbCA B pasi iX B3aEMoAi?
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AIKi pe4yoBMHYM 3aBXAW YyTBOPIOKTHCA B peaKkLifaX KMCIOTHO-OCHOBHOI B3a-
emogii?

AKi KNCNOTHI oKcnam B3aEMOAIOTb i3 BOAOID, @ AKi — Hi? AKi 3 0CHOBHUX
OKCWAiIB 30aTHi B3aEMOAIATA 3 BOAOIO?

fIK BM3HAUMTW KUCNOTHWUIA 3aNMLLOK y COfi, WO yTBOPUTbCA Mif Yac B3a-
€MOfii KNCNOTHOrO OKCMAY 3 Nyrom abo OCHOBHUM OKCUAOM?

AIKi peyoBUHN YTBOPIOIOTLCA Mif YaC B3aEMOZiT OCHOBHOIO OKCUAY 3 KUC-
JI0TO0? KNC/IOTHOIO OKCMAy 3 nyrom?

3aBAaHHA AnA 3aCBOEHHA MaTepiany

—
.

10.

1.

12.

HaBegiTb piBHAHHA peakUil KNCNOTHUX i OCHOBHMX OKCUAIB i3 BOZOH.

I3 HaBeieHOro Nepeniky BUNULWITb B OKPEMi CTOBMUMKY GOPMYNv OKCUAIB:
a) KNCNOTHMX; 6) OCHOBHKX; B) HECONETBOPHUX.

Na,O, P,0O,, CO,, CO, SO,, CrO, Cu,0, SiO,, N,0, Mn,0,.

AKi 3 HaBeeHUX OKCcMAiB B3aemopitoTb i3 Bogoto? CknadiTh BignoBigHi pis-
HAHHA peakLin.

Na,O, CO,, CO, SO,, CrO, SiO,, N,O.

I3 AKMMK 3 HaBefeHMX OKCMAIB B3aemogie Boaa? Cknafitb BignoBigHi pis-
HAHHA peakUin.

Cu0, Cal, N,O,, Fe,0,, K,0, Al,0O,, SO,.

Po3unH, Wo yTBOPMBCA Nif Yac PO3UYMHEHHA razonofibHoro okcuay y Bogi,
3a6apBIOE NAaKMYC Yy YepBOHUIA Konip. AKWiA Lie ra3 Moxe 6yTn? 3anpono-
HynTe ABa BapiaHTK Bignosigi. CKNafiTe PiBHAHHA peakuin.

laciHHA BanHa — Lie B3aEMOfiA HeralweHoro BanHa (Kanbuin okcuay) 3 Bo-
fgot. CKknagitb PiBHAHHA Ui€i peakuil.

UYn icHYlOTb KMCNOTHI OKCUAW, AKMM BigNOBiAaloTb 6€30KCUreHOoBI KUCIO-
Tn? BignoBigb NOACHITH.

Ak B/ BBaxaeTe, un Tpannsiotbcsa docdop(V) okeng Ta cynbodyp(VI) okeng,
y npupogi? Bianosigb NoACHITb.

Mig yac B3aeMoOpil AKMX OKCUAIB YTBOPIOTbCA HaTPi KapOoHAT, MmioMm-
6ym(ll) cunikat, marHin cynbdat? Cknagitb PiBHAHHA peakLin.

[lonoBHITb cxemMn peakuil, 3anuLLiTb Ha3BM NPOAYKTIB peakLii.

a) K,O+H,0 — .., N ZnO+H,50, = ...+...;
6) SO,+H,0 — ...; A) NaOH+... — Na,SO;+...;
B) ...+H,0 — NaOH; e) ALO;+N,O, — ...

Cknagitb piBHAHHA peakuii: a) cunigin(lV) okcuay 3 Kanbuil OKCUMAoM
Ta Kanii rigpokcmpom; 6) manraH(ll) okcuay i3 cynbdaTHOKW KMCNOTOK
Ta cynbodyp(Vl) okcupgom; B) 6apiit okcuAay 3 HIiTPaTHOK KWCIOTOW Ta
Kap6oH(IV) okcugom.

BigHOCHI rycTnHmn 3a BogHeM okcupais enemeHTiB X Ta Y AOPIBHIOWOTD, Bif-
nosigHo, 14 i 15. BusHauTe popmMynm LMx OKCUAIB.
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MpuraganTe: cnocoby OBUYUCNEHHS KiNbKOCTI PeYoBUHM 3a BiZOMOK Macol abo
ob6’'emMom (3a § 22-24).

Koau kyxap rorye 6yab-AKy CTpaBy, BiH BiAmoBigHO m0 peremTa 3Mi-
IIye TPOAYKTH B UiTKO BU3HAUEHOMY CIIiBBigHOIIEeHHi. Tak camo i Ximik
mepes MPOBEeIeHHAM XiMiuHOI peakIiiii Mae BUPIIIUTH, Y SKOMY MacOBOMY
CHiBBiHOINIEHHI CJijJ 3MilIaTHM peareHTU Ta OOYMCIUTU Macy IPOAYKTY,
110 MAa€ yTBOPUTUCH.

Taxi pospaxyHKHN MOKHA 3OIACHUTH 3a TOIIOMOTOIO0 PiBHAHb XiMiuHMX
peakmiii. SIKIo BimoMoO Macy OJHOIO 3 YUaCHHKIB peakIrii, To MOKHa BU-
3HAUUTH MacHU BCiX iHINNX PEeUYOBMH — i peareHTiB, i IPOAYKTiB peakIrii.

XimiuHne piBHAHHSA MMOKa3ye, AKi PEUYOBWMHM Ta B SKOMY CIIiBBiHO-
IIeHHI B3a€MOJiIOTh, a TAKOMK y SIKOMY CIIiBBiIHOINIEHHI yTBOPIOIOTHCA
npoaykTu peakiii. Hampukian, piBHAHHA peakIlii B3aemomii BomHIO
3 a30TOM

N,+3H, = 2NH,
[IOKAa3ye, 110 TPU MOJieKyau BogHIo H, B3aeMoAilOTh 3 OJHI€I0 MOJEKY-
J010 asory N, 3 yTBOpeHHAM ABOX MoJieKysa amoHiaky NHj (maa. 29.1).

Take came cmiBBigHOIIEeHHA Oyne i Mg KiJTbKOCTI peUOBWMHU BCix
CIIOJIYK y PeakIlii: Tpu MOJIi BOAHIO BCTYIIA€ B PEaKIlil0 3 OMHUM MOJIEM
a30Ty, i Ipu IIbOMY YTBOPIOETHCS ABa MOJII aMOHiaKy.

SKIIo ama mpoBeleHHS peakIlii B3ATH He TPU MOJII BOOHIO, a OyOb-
AKY iHIIY KigbKicTh (HAmpUKJIAZ, 3X MOJb), TO KiJbKicTh a30Ty, IO
mpopearyBaB, OyJe B TpW pasy MEHIIOI0, HiK KiJbKicThb BOIHIO, TOOTO
n(N,) = x mMoub:

n(H,) : n(Ny))=3x : x=3:1

OT:Ke, PEeUOBHMHHU BCTYHAIOTh Y XiMiuHiI peakiii B KiJIbKOCTAX, IO
IpOmOpIifiHi iX KoedimieHTaM y piBHAHHI peakIlii (cTexiomMeTpUyHUM
Koedimienram). [HakIe KasKyuu, CIiBBiIHOIIIEHHS KiJTbKOCTEH peareHTiB
(y MoJAX) MOPiBHIOE CIiBBIAHOINIEHHIO BimmOBigZHMX Koe@iIlieHTIB y piB-
HAHHI peakiIrii.

Man. 29.1. CxemaTnyHe 306paKeHHA KifIbKiCHOrO CMiBBIAHOLIEHHA peareHTiB i NpoaykK-
TiB peakLii CMHTe3y aMoOHiaKy
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Posrianemo piBHAHHA peakIii ropiHHA CipKOBOIHIO:
2H,S+30, = 250, +2H,0
Iz HBbOTO BUAHO, IO ABa MOJIi TiZporeH cyJab(diny pearye 3 TpboMa
MOJIIMM KVCHIO 3 YTBOPEHHAM JBOX MOJIEH CipuMCTOro rasy i ABOX MoJjeit
Bomu. SIKIITO B peakIliio BCTYIIA€ X MOJb CipKOBOIHIO, TO CIIiBBiZHOIIIEHHS
peareHTiB i MPOAYKTIB peakIlii BUTIALAaE TaK:

n(H,S) : n(0,) : n(SO,) : n(H,0) =
=2x :3x :2x : 2x=2:3:2:2
abo
n(H,S) _ n(0y) _ n(S0,) _ n(H,0)
2 3 2 2

OTr:xe, nasa Oyab-AKOI ximiuHOI peakiiii, KOTpy MOJKHA OIHCATH PiB-
HAHHAM:

aA+bB=cC
CIIpaBeJINBUM € CIIiBBiTHOIIIEHHA MIJIs KiJIBKOCTI peYOBMHU BCiX ydyac-
HUKIB peakirii:
n(A) _n(B) _n(C)
a b ¢

3a IIUM CIIiBBiZHOIIIEHHAM MOYKHA POOUTU OyAb-sKi OOUMCIIEHHSA 3a
PiBHAHHAM XiMiuHOI peakririi.

3agmaua 1. fIxa KiJgbKicTh pPeUOBMHHN KIKCHIO HeOOXimHa MJIA CIIAJIO-
BaHHA TigporeH cyabdiny kinabkictio 1,5 Moan?

Ilano: Pose’aszanna:
n(H,S)=1,5 monn 3amnrcyeMo PiBHAHHSA peaxIrii:
n(0,) — ? 2H,S+30, = 250,+ 2H,0

3a pPiBHAHHAM BU3HAUYAEMO, IIO
n(H,S) : n(0,)=2 : 3
3a UM CIIiBBiIHOIIIEHHAM MOXKHA OOUMCJINTH
KiJIbKiCTh PEUOBWHU KUCHIO:
n(H,S) n(0,)
2 3

Ort:xe,
H .
n(0y) = 3n(2 5S) _ 3 1,52MOJII: — 2,25 MoD

Bionoeide: n(0,) = 2,25 moub.




§ 29. Po3paxyHKW 3a PIBHAHHAMK XiMIYHUX peaKLiin

1A mpoBemeHHs peakIliii mOTpiOHO 3HATHM He JIKIe KiJbKOCTi pe-
YOBUH, ajie i ix macu abo o6’emu. IIi BesmuwHuM 1oB’aA3aHi cHiBBigHO-
MIeHHAMU

m=n-M; V=nV,

Aute 3amaui 3a piBHAHHAMY XiMiUYHMX peaKI[iil IpocTillie po3B’ A3yBaTH
3 BUKOPHCTAHHAM KiJIBKOCTiI peuoBuHHU. SIKIO B yYMOBi 3amaui HaBemeHi
Maca abo 00’eM PEeUOBUHU, 3PYUHIIIe oApasy o0UMCIUTH KiJbKicTh peuo-
BUHM ¥ Oajii BUKOPUCTOBYBATHU I[I0 BEJIUUYUHY IJIA PO3PAXYHKIB.

3amaua 2. O6uuciTh 00’eM asoTy (H. y.), HEOOXiqHUN N OOyBaHHA
amoniaky NH, kinpkicrio peuounu 0,8 mouib.
Hano: Pose’asanna:
n(NH,)=0,8 mosp | 3amucyemMo DiBHAHHS PeaKILii:
V(N,) — ? no't St = 2N, .
a PiBHAHHSAM 3aIlMCYEMO CIiBBiHOIIIEHHSA
KiJIbKOCTeli peuoBUHU a30Ty U aMOHiaKy:
n(Ny) _ n(NH;)
1 2
3a UM CIiBBiZHONIIEHHAM MOXKHA OOUMCINTH
KiJIBKICTh PEUYOBUHU a30TY:
n(NHz) 0,8 moas
n(Ny)= =
2 2
Ase MoKHaA oapasy OO0UMCJIUTH i1 00’eM, 3HA-

=0,4 MoJB

oun, IM0 N =

V(N,) _ n(NHy)
1.V, 2

3Bimcu ob0umciroeMo 00’€M as3oTy:
n(NH,) Vv 0,8 Mmoab - 22,4 1/MOIB
2 2
Bionoside: V(N,) = 8,96 .

=8,96 1
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3agaua 3. O6uuciite macy dochop(V) okcuny, AKU MOMKHA TOOYTU
cunaygoBaHHaAM (Gocdopy B KucHi o6’emom 11,2 i (H. y.).

Ilano:
V(0y)=11,2 n
m(P,0,) — ?

Poss’aszanna:
3amnrcyeMo PiBHAHHSA peaxirii:

4P +50, = 2P,0,
Cmoci6 I.
Bimowmi kinbkicui gaui peuoBmH (Macu abo o6’emu)
BUPAYKAEMO uepe3 KiJIbKiCTh PEeYOBUHU:
VO, 1121
V. 22,4 1/mons

m

n(0y) = =0,5 Mo

3a CIiBBiIHOIIIEHHAM KiJIBKOCTi PEUYOBUHU OOUUCIUMO
KiJIbKiCTh PEUOBUHU OKCHUIY:

n(0y) _ n(P,05) N
5 2
2-n(0y)  2-0,5 moun
5 5

3a KiJbKiCTIO PeUOBMHI OKCHIY OOYMCJIIOEMO HOr0 Macy:
m(P,0.)=n + M=0,2 mons - (2 - 31+5 - 16) r/momb =
=284r
Cmocio II.
3amnucyeMo CIiBBiAHOIIIEHHS KiJIbKOCTEH PeUYOBMHU
kucHiO Ta (ochop(V) okcuny:
n(0,)  n(P,0;)

5 2
Y mpomy cCIIiBBiHOIIIEHHI 3aMiHIOEMO KiJBKiCTh peuo-
BUHU KHCHIO Ha CHiBBigHOINEHHA 00’€MiB, a KiJIbKicTh

peuoBuHu (ochop(V) okcuay — HaA CIiBBiIHOIIEHHS
Mmac:

V(Oy) _ m(P;0;)
5.V, 2 M(P,05)

=n(P,0;)= =0,2 moJun

3Bificu 00YMCIIOEMO MACy OKCHUIY:
2-V(0,)-M(P,0,) 2:11,21-1421/Mo0nb
m(P,0;) = 2 25 =
5V, 5-22,4 1/monb

Bionoeide: m(P,0,) = 28,4 r.

=28,4r
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3amaua 4. IIpocty peuoBuHy Macoio 10,8 r cmanuiaum, Ha II[O0 BUTpA-
TUJIU KuceHb ob’emoM 6,72 o (H. y.). ¥ pe3yabTaTi yTBOPUBCA OKCHU]
ckrany E,O5. SIky pedouny cnammim?

Hano: Pose’asanna:

V(0,)=6,72 n 3anucyeMo PiBHAHHS peaxirii:

m(peu.)=10,8 1 4E+30, = 2E,0,

M(peu.) — 2 1106 BuUBHAUUTH PEUYOBUHY, HEOOXimHO 0o0uMC-
gutu ii monapHy macy. CnoyaTKy O0UMCIHMO
KIJIbKiCTh PEYOBUHU KUCHIO:

V(O 6,72 i
n(0,) = (©p) _ =0,3 Mo
Vo 22,4 1/Mob
3a cmiBBifHOMIIEHHAM KiJBKOCTiI peUuOBWHU
00UYMCaIMMO KiJbKiCTh HEeBiJoMOI peyoBMHU:
n(0y) _ n(E) = n(E) = 4-1(0,) _ 4-0,3 moJib _
3 4 3 3
=0,4 moJb
3a BiJOMOI0 MaCOI0 IIPOCTOI PeYOBMHHU OOUMC-
JauMO 11 MOJIAPHY Macy:
ME)=m : n=10,8 r : 0,4 moab =
= 27 T/MOJBb.
ITist mosmaApHi#T maci BigmoBimae anromiHiil.
Bionosiov: 27 r/M0Jb, aJIOMiHil.
1"" BucHoBKkn
-9

XiMiuyHi peuyoBUHM BCTynawTb Yy XiMiUHi peakuii B MeBHWX, YiTKO BU3Ha-
YyeHux cniBgigHOWeEHHAX. KiflbKOCTI peyoBUH YCiX YYacHUKIB peakuil cnis-
BIIHOCATbCA, AK IXHi cTexioMeTpuuHi KoedilieHTN B piBHAHHI peakuii. [na
peakuii aA+bB = cC cnpaBeanvee CriBBiAHOLIEHHS:

nA) _nl®) _ n(C)

a b c

3aBAaHHA ANA 3aCBOEHHA MaTepian
_@ piany

1. MpoaHanisyinTe piBHAHHA peakuil ropiHHA MeTaHy nofibHo Ao Toro, AK e
3pobneHo B Lbomy naparpadi Ana peakuii ropiHHa rigporeH cynbdiay.

2. Y AKomy KifbKicCHOMY CMiBBiAHOLIEHHI cAlif 3MmilaTti 3ani3o i3 cipkoto Ana
nobysaHHA depym(ll) cynbdigy?
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10.

11.

12.

Bu3HauTe cniBBigHOLWEHHSA KiNIbKOCTI PeYOBUHY peareHTiB ANnA 4oOyBaHHA
Kynpym(ll) okcuay 3 NpocTUX peyoByH.

O6uuncniTb KinbKictb peyoBrHU docdop(V) okcmay, Wo yTBOPUTLCA NicnA
3ropsaHHA Gochopy KinbKicTIO peuoBrHM 2 MOsb. flKa KinbKicTb peyoBUHU
KMNCHIO BUTPAYaETbCA Npu Libomy?

Bu3HauTe KinbKicTb peuyoBMHM KanbLiin rigpoKkcmay, Wo YTBOPIOETbCA BHa-
CnifoK B3aemogii Bogu 3: a) 0,5 Monb KanbLin okcray; 6) 8 r KanbLini okeugy.
CknagiTb piBHAHHA peaKLil 3ropsAHHA amoHiaky NH, B KMCHi 3 yTBOpeHHAM
asoty 11 Bogu. O6uncnitb 06'eM KUCHIO (H. Y.), WO HeOobXiAHWI AnA cnanio-
BaHHA aMOHiaKy KinbKicTo peuyoBuHU 24 Mosb. AKKIA 06'eM (H. y.) KOXXHOTO
3 NPOAYKTIB peakLjii Mpy LbOMYy YTBOPKETbCA?

O6uncniTb Macy KanbLiin KapboHaTy, WO YTBOPIOETLCA BHACNIAOK B3aEMO-
Bii kKapboH(IV) okecugy ob’emom 11,2 1 (H. y.) 3 KanbUiil OKCMAOM.
O6uuncnite macy cynboyp(VI) okcugy, HeobxiaHy ana pobyBaHHs cynbdat-
HOI KUCnoTn macoto 4,9 r.

O6uncniTb Macy rigporeH nepokcuay, HeobxigHy AnA HoOyBaHHA KUCHIO
o6'emom 5,6 n (H. y.).

Kap6oH(lV) okcnp moxkHa pobyTn cnanioBaHHAM Byrneulo abo metaHy. O6-
UMCNiTb, AKOI PEUOBMHU 1 Y CKifNlbKK pasiB Ginblue (3a Macoto) HeobXxigHO AnA
[obyBaHHsA KapboH(IV) okcuay o6'emom 28 n (H. .).

O6uuncnite macy opTtodochaTHOI KUCIOTKM, WO YTBOPIETHCA BHACNI[OK
B3aemogii dochop(V) okcnpy macoto 1 Kr i3 Bogoto.

Mig yac nponyckaHHa cynboyp(lV) okenay Kpisb po3umH Gapin rigpokcuay
yTBOpWUNaca cinb BaSO, macoio 43,4 1 i Boga. O6uncnitb 06'em (H. y.) BU-
TpayeHoro rasy.

§ 30. OcHoBM: }i3nUHIi BNacTNBOCTI, NOLWINPEHICTb
Ta 3aCTOCyBaHHA

Mpurapante:
+ AK BiAPI3HUTM NyrK, HEPO3UMHHI OCHOBM 11 amdOTepHi rigpokcuan (3a § 26);
+ BIACTUBOCTI TBEPAMX PEUYOBUH i3 NOHHUMU KPUCTaniYHUMK rpaTkamu (3a § 21).

bynoBa Ta ¢i3nuHi BNacTMBOCTI OCHOB

B ocuoBax icHye HOHHUH 3B’S30K, OCKiJIBKM B IX CKJaAi MicTATBhCS
AK MeTaJiyHi, TaK i HeMeTaJiuHi ejleMeHTH. ToMy BCi OCHOBU € PEUOBU-
HaM¥ 3 HOHHUMHY KPUCTAJIIUHUMHU I'PATKAMU Ta BiAOBiAHUMY (hidmuHUMHT
BJIACTUBOCTSMH.

Jlyru — TBepai 6ini pevoBmHU, 6e3 3amaxy, moOpe PO3UMHHI y BOIi,
muaki Ha gotuk (mas. 30.1a, 6). PosmiaBu i po3umMHM JYTiB IPOBOAATH
eJeKTpuuHuii crpyM. Ilig uac posumHEHHSA JYTiB y BOAI BUTIJISAETHCSA
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a 6 8

Man. 30.1. OcHoBW: a — HaTpil rigpokcng ABnAe coboto 6ini rpaHynu; 6 — Kanin
rippokcmp — 6ini nycoukn; 8 — kynpym(ll) rigpokcma — CUHIN NOPOLLOK

BeJINKA KiJbKiCTh TEIJIOTH, i po3umH posirpiBaerbesa. TBepai rizpoxcuan
Hartpito i Kamito HacTiibKM rirpockomniuni (IOTJHMHAIOTH BOJIOTY), IO
Ha MmoBiTpi «posmamBaioTbesa» (maa. 30.2). Ha Bigminy Bifg ycix Jyris,
KaJbIiil Tinpokcuz (ralleHe BaIlHO) MAaJOPO3UYMHHUI y Boxi. Moro Ha-
CUUYeHUN PO3UYMH HA3WBAIOTh BAIHSIHOIO BOJOIO, a CYCIIeH3il0 Yy BOOi —
BaAITHAHUM MOJIOKOM.

HeposuunHi rigpokcuaum — TBepAi 3a 3BUYAWHUX YMOB PEUYOBUHU
(man. 30.18), Oe3 3amaxy, He IPOBOAATH €JIEKTPUUYHUU CTPYM i, IeBHa
piu, He PO3UMHAIOTHCA yV BOMi. FIKIIO HepOo3UMHHI rigpoxkcuau modOyBa-
IOTh i3 PO3UYMHIB, TO BOHMW BUIIAAAIOTh Y BUIJIALL APArJIMCTUX OCAIiB
(mas. 30.3). @izuuni BaacTuBocTi aMm(pOTEepPHUX TiTPOKCUTIB TOAIOHI 0
BJIACTUBOCTEN HEPO3UYMHHUX OCHOB.

Tigpokcuam JOy:KHUX e€JIEMEHTIB IIiJ Yac HarpiBaHHS ILJIABJIATLCS
M KUIJIATH 0e3 po3KJIaJaHHsA. YCi iHmm rizpoxkcuam mig dyac HarpiBamHs
POBKJIaIalOThCS HA OKCHUJ METAJiuHOTO eJeMeHTa U BOAY:

t
Cu(OH), = CuO+H,0

-

Man. 30.2. Hatpin rigpokcng Ha nosiTpi Man. 30.3. ®epym(ll) rigpokcng yTBOPpIO-
«PO3MNSIMBAETHCA» €TbCA Y BOAI Y BUMNALI AparnmcToro ocagy



BukopuctaHHA OCHOB

Kaasuiii rigpokcua (rairexe
BaITHO) BUKOPHUCTOBYIOTH IIepe-
BajsKHO B OYAiBHUIITBI AJA mIpU-
TOTYBaHHSA PiBHUX OyIiBEJIbHUX
cyMmiIeli: MITYKaTypKHu, IIIIa-
KJIBKU TOIIO.

CycmeHsieio KaJdbIiii TigpoKcH-
Iy V BoZi (BATHAHUM MOJIOKOM)
HaBeCcHi 00Ma3ywTh CTOBOYpPH
lepeB.

Kanapmiit rigpokcuag pasom
i3 kaJeIiii oxcumoMm (Heraiie-
HUM BAIlHOM) BUKOPHCTOBYIOTH
IUIsI OUUINEHHSA IYKPY Ha Iy-
KPOBHUX 3aBOLAX.

Marsiit TigpoKcHa BUKOPHCTO-
BYIOTB JJIs BUPOOHUIITBA 3yOHOI
macTu Ta JIiKiB.

Harpiii rinpokcun (igxwuit HaTp,
ab0 KaycTWYHA COMA) Ta KaJii
rizpokcun (inke xaJji) BUKopuc-
TOBYIOTH y BUPOOHUIITBI TBep-
JIOTO I PiAKOro MmJja, a TaKOMK
JiKiB.

BuroroBneHHA cKJya, MITYYHUX
0apBHUKIB, mamepy, CUHTETUU-
HUX BOJIOKOH Ta OYUIIEHHSA
HadTU He MOXKJIUBiI 6e3 HATpil
rizpokcumy.

3acib aaa ounileHHA KaHasisa-
mitiaux Tpy6 — 1e 40% -it pos-
YMH HATPill Trigpokcumy.
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MpubnnsHo B IX-X cTtonitTAX 6yno foOyTO Kaniil Ta HaTpii rigpokcuau.
TpuBanuin yac ix yBaxanu nNpoCTUMK pPeyoBMHaAMU, TOMY LWO BCi Bifo-

Mi Ha TOM Yac meTogu po3knagy peyoBuH wopo KOH i NaOH He pgann
XogHoro pesynbraty. OCKifbKM Li peYOBMHM He 3MOIIM PO3KIacTh Ha
YacTuHK, 6yno 3pobrieHO BMCHOBOK, WO Lie OCHOBHI €NeMeHTH, 3 AKUX
CKNagaTbCa iHWi peyoBmHN. Came LM i MOACHIOETLCA Ha3Ba «OCHOBWY,

AKY Aann uMm pedoBuHam y cepeguHi XVIII ctonitTA.

~
@ BucHoBkM
-9
1. Yci ocHoBu (rigpokcnam) — TBepAi peyoBuHM 6e3 3anaxy. Jlyrn po3umHa-
I0TbCA Y BOAI, @ iHLWIi riAPOKCMAN — Hi. 3aNeXHO Bifi METaNIiYHOro enemeH-
Ta, WO YTBOPIOE FiApOKCUA, OCHOBM MOXYTb OyTW Pi3HOrO Konbopy, ane
6inbLWicTb rigpokcnais — ue 6ini peyoBUHN.
2. Y npupogi rigpokcnan Mamxe He TpanaalTbCA 3aBAAKN iX XiMiYHIN aKTUB-
HOCTI. Y NPOMMCIOBOCTI NepeBaxHO 3aCTOCOBYIOTb NyrK, HalBaXMBiWK-

MU 3 AKNX € HATPIN Ta KanbLin rigpokcnugn.

9 KOHTpONbHI 3anuTaHHA

1. AKi ocHOBW Ha3uBaTb Nyrammu?

2. T[opiBHANTe i3nNUHI BNACTUBOCTI NYriB Ta HEPO3UMHHYX FiAPOKCUIIB.

3. HaBegiTb npuknagn nyris Ta HEPO3UNHHUX TiQPOKCUAIB.

4. OnuwiTb 3aCTOCYBaHHA KanbLii rigpokcmay Ta HaTpin rigpokcnay.

5. Y cknagi ocHOB 060B'A3KOBO MICTUTbCA: @) MAPOKCUNbHA rpyna; 6) KUcnoT-
HWI 3aN1LWIOK; B) MOHWN Kanblito.

6. PeuoBuHn KOH, Fe(OH),, NaOH HasuBatotb: a) conamu; 6) Kucnotamu;

B) OCHOBAMW; ) OKCMAAMMU.
7. Hanuwite ¢dopmynu OCHOB, YTBOpeHUX enemeHTamu: Hatpin, Kanin,
QOepym(lll), Oepym(ll), Kanbuin, bapin.

3aBAaHHA ONA 3aCBOEHHA MaTtepian
4 3aea A piany

1. Ak Bu BBaxaeTe, popmyna AKOI peyoBMHU 3aiBa B nepeniky: Ca(OH),,
KOH, Na,O, Cu(OH),? [lo aKoro Knacy HeopraHiuH1X CroslyK HaneXuTb us
peyoBuHa?

2. Cknagitb XiMiuHi Gopmynn oKcMAIB Ta FigpOKCUAiB, yTBOPEHMX eneMeHTa-
mu: Cu(ll), Mn(l1), Co(lll), Li(1).

3. Lllo Ha3mBaloThb: a) rawieHnM BanHoMm; 6) BamnHAHOK BOAOID; B) BaMHAHUM
MOJIOKOM; T) IAKMM HaTpOM; [1) KayCTUYHO COAOH0; €) inKnM Kani?

4., TeepAui HaTpiil rigpPOKCMA BUKOPUCTOBYIOTb Y NabopaTtopisx AK ocCyluy-
Bay. Ha AKin BNacTMBOCTi Nyry rpyHTYETbCA NOro 3aCTOCyBaHHA?

5. O6uncniTbh KinbKicTb peYOBMHU FiAPOKCUAIB, WO MicTATbCA: @) y 10 1 HaTpIn
rigpokcmay; 6) 51,3 r 6apin rigpokcuay; B) 15,45 r xpom(lll) rigpokcuay.
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6. [opiBHANTE, ¥ AKOMY 3pa3Ky MiCTUTbCA Ginblwe aTtomi ligporeHy: y Kyn-
pym(ll) rippokenai macoto 19,6 r um B anioMmiHin rigpokcngi macoto 11,7 r.

7. O6uMCNiTb MacoBi YaCTKM MeTaNiuHMX eNleMeHTIB y HaTpill rigpokcuai Ta
Kanin rigpokcugi. Y AKoMy rigpokcuai macoBa 4acTka MeTasnivyHoro ene-
MeHTa binblua?

§ 31. XimiuHi BnacTuBOCTI NyriB i HEPO3UNHHUNX TigpoKcnais

MpurapanTe:

+ AK BiAPI3HUTM PopMynu NyriB, HEPO3UMHHUX OCHOB Ta aMbOTEPHUX FigpoKCUais
(3a § 26);

- di3nyHi BRactmBocTi ocHoB (3a § 30);

* MPVIHUMN KNCIIOTHO-OCHOBHUX B3aEMOAIN Ta AK BU3HAYUTK KNCIOTY, WO BifnoBsigae
TOMY U/ iHLWOMY KUC/IOTHOMY oKcuay (3a § 28).

BuasneHHa nyris

Jlyru ta Kuciaotu — 06e30apBHi y BOJAi peUuOBWMHH, aje IysKe UaCTO
HeoOXiJHO 3HATH, UM HAABHI Kucjaora abo Jyr y posumHi. (15 BUSBIEH-
HS JIYTiB Ta KHUCJOT BUKOPHCTOBYIOTH IHAMKATOPH — CKJIAAHI OpraHiu-
Hi peYyoBMHU, IO 3MiHIOIOTH CBO€ 3a0apBJIEHHS 3aJIe;KHO BiJ] HasBHOCTIL
ayriB abo xucJaor y posumui. Heposuunui Ta am@oTepHi rizpokcunu He
3MIiHIOIOTH KOJIIp iHIAMKATOPiB.

3asBuuail iHANKATOPY BUKOPUCTOBYIOTh V BUIJIALL PO3UMHIB — V BOAi
abo cnupri. 3pyuHinle BUKOPUCTOBYBATH iHAMKATOPHUU MAIP — CMYIK-
KN 3BUYAWHOIO Hamepy, HIPOCOUEHOTO PO3UMHOM iHAMKATOpa, a IOTiM
Bucymieroro (man. 31.1).

Haiiy:xkuBagiini y mkigeHi# madbopaTopHiil npakTuili imgukaTopu —
e JaKmyc, (eHoJI(pTaseiH, MeTUJOBUI OpaHKeBUU Ta yHiBepcaJbHUN
iggurkarop (man. 31.2-31.4). Koxip imgmkartopiB 3a HasgBHOCTiI Ta Bim-
CYTHOCTI JyriB HaBemeHo B Tabuawuiii 9.

Man. 31.1. Po3unH iHgMKaTopa Ta Man. 31.2. 3abapBneHHs lakmycy: 3niBa —
iHOVKaTOPHUI nanip Yy PO3UMHi KACNOTW; cripaBa — nyry



§ 31. Ximi4yHi BRacTMBOCTI NyriB i HEPO3UMHHWX TifPOKCUAIB

Man. 31.3. YHiBepcanbHWi iHOMKaTOp
3a HaABHOCTI KanbUil rigpokcngy
HabyBa€ CMHbLOrO KOnbopy

Man. 31.4. YHiBepcanbHWUi iHOMKaTOP MOXe
He nulle BUABNATY KUCOTM abo OCHOBY,
ane M BM3HAYaTU iXHi KOHLEHTpaLil

Taoauna 9. 3adapBiaeHHA iHIMKATOPIB 3a HAABHOCTI

Ta BigcyTrHOCTi JyriB

3a6apBieHHS B PO3YNHI
Tapukarop 3a HasgBHOCTI JIyry 3a BixcyTHOCTI ayTy
(sTy:xHE cepemoBHUIIE) (HeliTpaJbHE CEePeIOBHIIE)

Jlakmyc CuHiit dioneroBuii
MetunoBuit . .

. KoBruii OpanixeBuit
OpaHKeBUit
Denosndranein ManuuoBuit BesbapBaUii
YuiBepcanbHUI Cuniit HosTuit

B3aemogia nyris i HEPO3UMHHUX TiAPOKCUAIB i3 KUCIOTaMWN.

Peakuia HenTpanisauil

YV § 28 Bu BiKe POSIVIAHYJHU KHUCJIOTHO-OCHOBHI B3a€MOZil, IIPUHITKII
AKUX IIOJIITA€ B TOMY, IO PEYOBMHU 3 KHMCJIOTHUMM BJIACTUBOCTSIMU
pearymoTh i3 pe4yoBMHAMM 3 OCHOBHMMM BJIACTHUBOCTSIMMU.

JIyru Ta Hepo3uMHHI TiAPOKCUAM BUABJISIOTL OCHOBHI BJIACTHUBOCTI
M 3maTHI B3aEMOOisTH 3 KMUCJIOTAMU:

ocHOBa +Kucaora — cimp+H,0
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Y npoaykT peakrii — ciapb — mOepexoanUTh METAJIUHUN eJeMeHT
3 OCHOBU Ta KHUCJOTHUM BaJIUIINOK i3 KUCJIOTHU:

3KOH +H,PO, = K,PO, + 3H,0
Ca(OH), + 2HNO, = Ca(NOy), + 2H,0
2Fe(OH), + 3H,S0, = Fe,(SO,), + 6H,0

Jlyrm Ta KumcigoTm — IiAKi peuyoBUMHHU, a B pe3yJbTaTi ix B3aemomii
YTBOPIOETHCA HelTpaiabHa cinb. OT)Ke, JIYT Ta KMCJI0TA B3AEMHO HeHTpaJIi-
3YIOTh OIWH OJHOTO, Yepes IO PeaKI[ilo MiK HUMU Ha3WBaIOTh PeaKIi€o
HeWTpaJmizamii. Xoua HEepPO3UMHHI TiIpPOKCHUAMW He € ITKUMMU, ajie iX B3a-
€MOIif0 3 KMCJOTAMM TaKOMK UacTO HAa3SMBAIOTh PeakIlielo HelTpaJsisarrii.

o Peakuito Mi>K KMCNOTOIO Ta OCHOBOIO, Yy pe3ynbTaTi AKOI YyTBOPIOKOTHCA Ciflb
¢ i BOJa, Ha31BaloTb peakLieto HenTpanisadil.

Peakuii 06miHy
3BepHIiTH yBary Ha MepeMillleHHs aTOMiB y peakIrii HaTpi# rigpoxcumy
3 XJOPUIHOIO KUCJIOTOO:
NaOH +HCI = NaCl+H,0

Harpifi rigpoxcunm ckjgamaeTbcsa 3 aBOX uacTuH (aroma Harpiro
# rpynu —OH), i xJ0pugHa KucjaoTa CKJIAaTaeThCA 3 JBOX YACTHH (aToMa
Tigporeny i Kucimoruoro sanuinky — Cl). Ilig gwac B3aemozii Mik HUMHT
BimOyBaeTbca oOMiH mmMu vacTuHamMu — aromu Harpiro # Tigporemy
noMiHAguca Micugamu: atToM ligporeHy KuciaoTu o06’eqHABCSI 3 TI'PYIIOIO
—OH nyry B moneryny Bomu, a arom HarTpiro 3 KMCIOTHUM 3aJIUIIKOM
YTBOPUB CiJib — HATPill XJOpuUm:

Na—O—H + H+—Cl — Na—Cl + H—O—H

b e e m e n

Omike, Ile peakiia oOMiHy.

.\ Peakuii, y AKuMX OBi peyoBUHM OOMIHIOIOTbCA CBOIMU YacTUHaMMU,
CJ
¢ ® Ha3MBalOTb peaKLissMy OOMIHY.

Peakiii oOMiHy y BOZHHX PO3UMHAX MOXKYTh BifmOyBaTHCA JUIIE 34
MEeBHUX yMOB, SKi BiZIIOBiZaioTh IIPAaBUJIY: IMPOAYKTH PeakIlili He MalTh
pearyBaTu OOWH 3 OOJHUM 3 YTBOPEHHSAM IOYATKOBUX PeUOBUH. lle MOK-
JUBO, AKIINO OTHWM i3 HNPOAYKTIB peakIlii € Boga ab0o IPOAYKT pearirii
BUIIJIIAETHCA 3 PO3UMHY Yy BUTJIAAL rasdy abo ocany (Hepo3umHHOI y BOZL
peYoOBUHNU).
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Peak1ii 00MiHy y BOZTHNX PO3YMHAX BiZ0yBaloThCA 3a YMOBH, III0

' l l

YTBOPIOETHCA BOJA BH/IiISETHCS ra3 BHIIAJTA€ OCATT
(g uac B3aeMoOil KUCJIOT (sasBuuaii e CO,, SO,, | (HeposumHHA y BOAL
i KMCJIOTHUX OKCUIIB H,S a6o NH,) peuyoBUHA)

3 OCHOBaMU Ta OCHOBHUMU
OKCHJaMM)

3BepHITb yBary: AKLWO OOHMM i3 peareHTiB € HEPO3UYMHHA Y BOAi peyYoBUHA
i Ma€ yTBOPUTMCA TaKOXK HEPO3YMHHA PEYOBMHA, TO OCaj BMMajaTUme Ha
NOBEPXHi HEPO3UYMHHOro peareHTy. Y Taki peakuii 3MOXyTb npopeary-
BaTV NULIE MOBEPXHEBI WapW peareHTy, TOX Y MNOUHY YacTUHKK ocady
peakuis He nige.

OTXe, peakuis 0OMiHY, y fKy BCTYMaE€ Hepo3uMHHa pevyoBUHA N y pe-
3ynbTaTi AKOI Ma€ YTBOPUTUCA OcCaj, He BipbyBaeTbcA. IHaKLe Kaxkyuu,
«3 0Cafly OCaf He yTBOPIOETbCA.

B3aemogia nyris i3 KNCNOTHUMU OKCuZamm

Jlyru TakoK 3HaTHI B3aeMOIiATH 3 KUCJIOTHUMHU OKcumamu. Takxi
peakiIiii Mu BiKe PO3TJIAHYJIU B § 28, KOs BUBYAJIM BJIACTUBOCTI OKCHU/iB:

ayr + KHCIOTHME OKcupa — ciap + H,0

Bu BiKe 3HaeTe, 110 TOJIOBHE Tim Yac CKJIAJaHHA PiBHAHb TaKUX
peakIiiii — NpaBUJIbHO BU3HAUUTHU KUCJOTHUHN 3anuinok. [ia mboro
000B’ABKOBO CJim IaMm’ATaTH, AK BU3HAUUTH KHCJIOTY, IIIO BiAmoBimae
IIeBHOMY KMCJOTHOMY OKcuny (tabda. 8, c. 150).

Cynasdyp(IV) okcuny Biamosimae cyabdiTHa Kuciora, a dochop(V)
okcumy — oprodocharua, Tomy 3 ayramu cyab@yp(IV) okcup yTBOpIo-
BatTuMe cyabditu (coai cynb@itHoi Kumcioru), a ¢ochop(V) oxcum —
oprodocharu:

Ca(OH), +80, =CaSO3~L+H20 (SO, Bigmosizae H,SO,)

6NaOH +P,0, = 2Na,PO,+3H,0 (P,0, Bingnosinac H,PO,)
HeposuunHi Ta am@oTepHi riipokcuau B TaKi peakiiii He BCTYIIAlOTh.

167

=
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B3aemogia nyris i3 conamu

Tigpokcuau BCTYIIAOTh i3 COJMIAME B pPeakKIii oOMiHy, TOMy B pe3yJibTa-
Ti YTBOPIOETHCS TAKOMK CiJb i rimpokcun. Taki peaxirii maioTh BigmosizaTu
yMoBaM IIepebiry peaxiiiii oOMiHy, OTiKe, cepel peareHTiB yci peuoBuUHU
MalTh OyTHU PO3UMHHHMM, a B Pe3yJbTaTi Mae€ yTBOPUTHUCS OCal:

ayr+ posunnHa cias(l) — HeposumHHMIE rizporcun | + cian(2)

2KOH +FeCl, = Fe(OH),| + 2KCl

Po3KnagaHHA HepPO3UYMHHUKX TigPOKCUAIB

HeposuunHi Ta amdoTepHi rigpokcuan — HecTiiiki pewoBunu. Ha Bin-
MiHy Bif JIyTiB, mig yac HarpiBaHHA BOHU PO3KJIAAAIOTHCA 3 YTBOPEHHAM
BiIOBIZHUX OKCHUIIB Ta BOLU:

.. t
HePO3YMHHHUMN Tigpoxkcun —— oxcun+H,0

Mg(OH), = MgO +H,0

t
2Fe(OH); = Fe,0,+3H,0
Y Takuii cmoci® MoskHA OOOYTHM OKCHIM HAaBiTH THUX e€JIeMEHTIB,
[0 V BUIJIALL IIPOCTOI PEUOBMHU HE PearyioTh i3 KMCHEM, HAIpHUKJIalI,
aypyMm(III) oxcupn: .
2Au(OH); = Au,0,+3H,0

be3sneka nig yac pobotn 3 nyramu

Jlyru — igKi peuoBuMHH, BOHHM po3’igaioTh IIKipy, AepeBUHY, IAIIip,
COPUYUHSAIOTh TSAMKKI OIiKM IMKipu U camdoBux 000J0HOK (Maj. 31.5).
Hemapma HaTpi#t rizpokcup HasMBAIOTL ITKMM HATPOM, a KaJill rigpox-
cung — igkuM Kaji. BoBHAHA TKaHWHA, 3aHypeHa B KOHIIEHTPOBaHUI
po3UMH HATPi# rizpokcuny, Habyxae i IepeTBOPIOETHCA HA AparJeromnio-

Man. 31.5. Jlyru — Haa3BMYanHoO iAKi PeYOBUHU: @ — Nyr NEePeTBOPIOE TKaHUHY Ha
AparnenogibHy macy; 6 — nyr yTBOPIOE AipKu B nanepi; B — JIyr MOLWKOAXKYE fepeBUHY



§ 31. Ximi4yHi BRacTMBOCTI NyriB i HEPO3UMHHWX TifPOKCUAIB

HY Macy. SIKIIo pos3umH JyTy, IO IIOTPAIuB Ha PYKYy, He 3MUTH BOJOIO,
IIKipa IMoYMHA€E MEeKTU, i He3abapoM yTBOPIOETHCSA BUPA3Ka.

Ilig wac poboTu 3 JyramMu oco0JIuBO IOTPiOHO OepertTu oui, TOMy peKo-

MEHIYETHCA HATATATH 3aXUCHI OKYJAApU. SIKINO JyTr BUIaAKOBO IOTPAIINB
Ha MIKipy, Ooro cif HeraifHO 3MUTH BEJIMKOIO KiJIbKiCTIO IIPOTOYHOI BOAH,
a IOTIiM IPOTEPTH YHIKOMMKEHY MiIAHKY IIKipu po30aBJI€HUM PO3UMHOM
0opaTHOI ab0 OIITOBOI KICJIOTH.

» CNIoBO «J1yr» MOXOAMUTb Bif 3aCTapifioro C/I0Ba, AKUM paHille Ha3nBanu Mu-
KU PO3YMH [EPEBHOI 30/1, WO BUKOPWUCTOBYBANN AN1A NPAHHA 1 MUTTA.

 BigkputTa nakmycy € npuknagom Tak 3BaHMX BUMAZKOBMX BifKPWUTTIB.
AIKOCb aHMINCbKUA HayKoBeLb PobepT Boinb npuroTyBaB BOAHY BU-
TAXKKY JTAKMYCOBOro nuwarHuka. CKnAaHKa, fe BiH 36epiraB HacTil, 3Ha-
pobunaca nomy ana XnopuAHOI KUCIOTW. Bunuelim HacTiid, boinb ynus
Yy CKNAHKY KUCOTY W 3i 34UBYBAHHAM BUABKMB, IO KUCSIOTa CTana uvep-
BOHol0. [locnigxkytoun ueinn edpekt, bonnb BUHANLWOB NepLlwmnin iHgMKaTop
ONnA KNCNOT i nyris.

JliHegicmuyHa 3a0aya

TepmiH «HellTpanisauis» € B 6araTtbox MOBax i MOXOAWTb Bif NAaTUHCbKOro cyioBa. JlaTn-
HOI0 Uter 03HaYaE «XTOCh i3 ABOX», «<abo ToW, abo iHWMIM». BignosigHo, neuter — «kopeH
i3 0BOX», «aHi TOW, aHi iHWWUA». AK BM BBa)Ka€Te, 3aBAAKM AKill 0COGNMBOCTI peakuia
HenTpanisauii ogepxana came Taky Ha3By?

NIABOPATOPHUI JOCNIA Ne 2

B3aemogpia nyris i3 Kncnoramm B po3yuHi @

O61a0HaHHA: TITATUB i3 TpobipKaMu, TilTeTKH.
Peaxmueu: po3unHu HATPil riipokcuny, peroadraneiny, cyabhaTHol
KHCJIOTH.

IIpaBuna 0e3mexu:

* IIiJ Yac BUKOHAHHS OOCJIiJiB BUKOPUCTOBYHTEe HEBEJIMKI KiJIbKOCTi
peaxTuBiB;

« ocTepiraiiTeca MOTPANJIIHHS PeaKTUBIB Ha OOAr, IIKipy, B oui;
Yy pasi moTpariaHHSA HeTalfHO 3MUIITe PEUYOBUHY BEJINKOIO KiJIbKiCTIO
BOIM Ta IPOTPIiTh Miciie po30aBIeHNM PO3UMHOM: AKIIO JYT — PO3-
YUHOM 0OpaTHOI KMCJIOTH, SKIIO KHCJI0TAa — PO3UMHOM COIU.

1. Hanwmitte B mpobipKy HaTpili rigpokcus 06’emom 1—2 muI i momaiiTe

1-2 kpamai posuuny denoadraneiny. IIlo crmocrepiraere?



TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

2. HMonupaiiTe OO0 JYry KpalIMHAMU PO3YUH CYJIb(aTHOI KUCJIOTHU,
JIOKHW PO3umH 3He6apBUTHCA. IIpo 110 cBiAUNTL 3HUKHEHHS 3a0apBJIeHHS
ingukaropa?

3. CrkiaamiTh piBHAHHA peakirii.

4. 3polbiTh BHMCHOBOK IIOJI0 O3HAK peaKIlii HedTpaJsisaimii Ta MoKIN-
BOCTi moBeleHHs (paKTy HeWTpasisaiii ayry.

~
A
|

o-d

S

BucHOBKM

1.

[na BUABNEHHA NYriB Y PO34YMHi BUKOPUCTOBYIOTb KUCIOTHO-OCHOBHI iH-
OMKaTOPU — PEUYOBUHN, WO 3MiHIOIOTb 3abapBrieHHA 3a HaABHOCTI nyry
abo KnCnoTu.

Y peakuii nyry 3 KMCi0Tol yTBOPIOKTbCA Ciflb Ta BoAa. TaKi peakuii Ha3u-
BaloTb peakLuiaMmu HenTpanisadii. Lli X cami npoayKTn yTBOPIOOTbCA B pasi
B3a€EMOSIi NyriB i3 KNCIOTHNMW OKCUAAMMU.

XimiuHi peakuii, y AKMX peyoBMHN OOMIHIOITbCA CBOIMM CKNAfOBUMM, Ha-
31BalOTb peakLlifsMn 06MmiHy. Peakuii 06MiHYy € Heo6OpPOTHNMK, TO6TO BiA-
OyBaloTbCA [0 KiHUA: Y pe3ynbTaTi peakuil yTBOPIOWTbCA BOAa, ras abo
Hepo34YMHHa Yy BoAi pevyoBMHa. Peakuia HenTpanisauii — npuknag peakuii
0OMiHY.

Peakujii 06MiHYy MOXNUBI MiX lyramut Ta PO3YMHHUMU CONAMM, Y HUX YTBO-
PIOIOTbCA HEPO3UMHHNI FIAPOKCUA Ta Cinb.

Mig vac HarpiBaHHA po3Knagy MiAAalTbCA NMLE HEPO3YMHHI TiAPOKCMAN.
Y pe3ynbrati yTBOPIOOTbCA BiANOBIAHNI OKCUA i BOAA.

KoHTponbHi 3annTaHHA

oOUuhwN=

fIKy peakLilo Ha3MBalTb peakLi€lo HelTpanisauii? HaBegitTb npuknag.

AKi peakuii Ha3uBaloTb peakuismmu obmiHy? HaBefiTb npuknag.

AKi peakuii Ha3uBaloTb HEO6OPOTHUMU?

3a AKX YMOB MOXYTb BifjOyBaTVCA peakLii 06MmiHy?

3a AKMMW BNAaCTMBOCTAMM iAKW HaTp Ta iAKe Kani oTpMmanu CBOi Ha3BwW?
AKi peyoBUHM Ha3MBaloTb iHAMKaTopamn? AKoro 3abapBfieHHs1 HabyBalOTb
NaKMyC i METUNOBUIA OPaHXeBUA: a) Y BOAI; 6) y po3umHi nyry?

IHAaMKaTop deHondTaneiH 3MiH0e 3ab6apBNeHHA B PO3UMHAX NYTiB: @) Ha OB-
Te; 6) dioneToBe; B) MaIMHOBE.

Peakuito KOH+HCl = KCl+H,0 HasuBaloTb peakuielo: a) HenTpanisauii;
6) 3amilleHHs; B) po3Knaay.

Ak cnig nosoguTnca 3 nyramu? Lo HeobxigHO pobuTn B pasi noTpannsH-
HA NyriB Ha WKipy abo cnr3oBi 060N0HKN?

3aBAaHHA ANA 3aCBOEHHA MaTepiany

1.

Po3umHu cogun, mrnna i cMnikaTHOroO KJek 3MiHITb 3abapBrieHHA $eHo-
¢dTaneiHy Ha ManuHoBe. AKNIN BUCHOBOK MOXHa 3p001TY LWOJO0 BNaCTUBOC-
Ter umMx cnonyk?
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19*%,

3anuwitb Ha3ey ocHos: LiIOH, Mg(OH),, Ni(OH),, RbOH. Cknagite dopmy-
NN coneln, yTBOPEHUX LMK OCHOBaMM B pa3i ix B3aemogii i3 cynbdpaTHO0
KNCOTO, Ta 3anuuiTb IXHi Ha3BMW.

CknapgiTb piBHAHHA peakLin HelTpanisauii po3unHy 6apil rigpokcnay xno-
pugHoto, cynbdaTHOI, HiTpaTHOW Ta opTodocdaTHO KucnoTamu. 3a Ta-
6n1uel0 PO3UMHHOCTI BM3HAYTe, Y AKUX BUMNaKax YyTBOPIOETbCA Ocag,.
CKnapitb piBHAHHA peakLuin HenTpanisauii HaBefeHNX OCHOB XJIOPUAHOK
Kucnototo: Kani rigpokema, depym(ll) rionpokeng, depym(lll) riopokeng,
MarHin rigpokcmna, UMHK rigpokcna.

CknagiTb piBHAHHA peaKLui HenTpanisadii, y pe3ynbraTi AKUX YTBOPIOOTb-
ca coni: K,SO,, Mg(NO,),, ZnSO,,, CaCl,, AI(NO,),.

CKnagiTb PiBHAHHA peakuii 4oOyBaHHA HaTpili KapOOoHaTy, Kanii cunikaty,
Kanbuin cynb®iTy B3aEMOAIEI0 KUCNOTHUX OKCUAIB i3 yramu.

AKi i3 conen pearytoTb i3 Kanii rigpokcuaom: HaTpin KapboHaT, Kynpym(ll)
cynbdat, antoMiHin HiTpaT, 6apin KapboHaT? CknadiTb BiANOBIAHI PIBHAHHA
peakuin.

Cknagitb piBHAHHA po3knagaHHA rigpokcugis: Oepymy(lll), Manrany(ll),
Mepkypito(ll), Kynpymy(l).

Fppokecnan ®epymy(ll), MarHito, LlnHky, Kanbuito nig yac HarpiBaHHA po3-
KNnapaloTbCA Ha BignoBigHMM okeup i Boay. CKnagiTe PiBHAHHA peakLin.
O6uuncniTb Macy HaTpil KapOoHaTy, WO YTBOPKETLCA MICAA NMPONYCKaHHA
BYrNIEKMNCNIOro rasy o6'emom 31,36 n (H. y.) Kpi3b pO34MH HATPIN rigpoKkcugy.
O6uncnite macy depym(lll) okcnpy, HeobxigHoro ana fobysaHHsa depym(lll)
HiTpPaTy Macoto 36,3 T.

O6uncniTe Macy antoMmiHii rigpokcuay, HeobxigHoro ana fobyBaHHs anio-
MiHin okcngy macoto 35,7 T.

O6uncnnTb Macy coni, WO YTBOPIOETbCA BHACMIAOK B3aeMOpil HaTpin ri-
apokcuay macoto 80 r i3 po34UMHOM XNOPUAHOT KNCIOTU.

[lo po3unHy 6apili rigpokcnay, Wwo mMictutb 8,55 r nyry, fofann AOCTaTHIO
Kinbkicte depym(ll) xnopupy. Obumncnite macy ocagy.

O6uncnitTe macy optodocdaTHOI KMCIOTK, HEOOXIAHOT AN HelTpanisauii
pO3umHy, Wwo Mictutb 153,9 r Gapiii rigpokcuay.

O6uncnnTb 06'€M KUCHIO (H. Y.), HEOOXIOHMI ANA CcnanloBaHHA BYrinna ma-
coto 12 1. flka mMaca Kanbuiln rigpokcmay 3HagobuTbcA, Wo6 NOrMUHYTK
BECb OKCMf, WO yTBOPUBCA?

Posunn Kanin rigpokcnay macoto 280 r i3 MacoBO0 YacTKo Niyry 4% He-
TpanisyBanu cynbdaTtHoto Kucnotot. O6uncnite Macy yTBOPeHOI Coni.
Kpi3sb po3uvH Kanin rigpokcmay, Wwo Mmictutb 8,4 r nyry, nponyctuiu
cynboyp(lV) okecnpg po noBHOI HelTpanisauii nyry. O6uncniteb macy coni
B YTBOPEHOMY PO3UVHiI.

3HanpiTh y gopatkoBux pxkepenax iHGopmauil NPUKNagn BUKOPUCTaHHA
rigpoKcuAiB AnA NoninweHHA BNAacTUBOCTEN FPYHTIB Ta BoAW. AKnn ynnms
Ha HaBKOJIMLLIHE cepefoBuMLLe MATUMYyTb BUMAAKM GE3KOHTPONIbHOIO Mo-
TpannsHHA Nyris fO I'PyHTIB abo BogomMmLY?



§ 32. Kucnotm: ¢isvuHi BNacTMBOCTI, NOWMpPEHICTb
Ta 3aCTOCyBaHHA

Mpurapante:
+ AK 32 dopmynow BiAPI3HUTM KNCNOTK Bif CMOMYK iHWKUX KnaciB (3a § 26);
+ B/IAaCTVBOCTI TBEPAMX PEUYOBUH i3 MONEKYNAPHUMY KPUCTaMTIYHMMM FpaTKaMm (3a § 21).

®i3nYHi BNacTUBOCTI KUCNOT

OKCHUT'eHOBMiCHI KHCJIOTH — PEYOBMHUH MOJIEKYJIAPHOI OyI0BHU.
ITe 3ymoBJtioe ixX meBHi (hisUUHI BJACTUBOCTI: KMUCJIOTHU ABJIAIOTH COOOI0 PiguHMT
a00 JIEeTKOTJIaBKi TBeP/i peuoBUHU. TaK, HAUTIOMTUPEHIITI KUCJIOTH — CYJIb-
dbataa H,SO, ra mirparha HNO; — 3a 3BUuaiiHuX yMOB € piimHAMU, OPTO-
docharna H;PO,, 6oparaa H;BO,, cunikarna H,SiO; — TBepai peuoBunw.

Besokcurenosi kuciaotu — dayopunua HF, xmopunuma HCIl, 6pomin-
na HBr, foguana HI Ta cyabdigna H,S — me BogHi posunHu rasis, AKi
MaloTh Taky camy (opmyJy, IO I BiATIOBigHI KMCJIOTH.

Cyasdiraa H,SO, i kap6onarana H,CO,; KucI0TH € IPOAYKTaMU B3a-
emonii cyabdyp(IV) okecuny SO, i kap6ou(IV) okcuny CO, 3 Bogot0, TOMY
no0Ope po3umHHI y BoAi. BinbImicTs HEOpraHivyHUX KUCIOT JO0OpPEe PO3UMHHI
y Boxi. ¥ jgabopaTopisfix 3a3BUUall BUKOPHUCTOBYIOTH caMe po36aBieHi
PO3UMHU KUCJOT, a He YMCTi KUCJIOTH. BUHATKOM € CHJIiKaTHa KHCJIOTa
H,SiO; — BOHa HeposuMHHA y BOJi.

VYV posbaBiieHNX PO3UMHAX KIUCJOTH 3a3BHYAll He MAIOTh 3allaxy, aJje
POSUMHU OeAKMNX KIUCJOT 31 3HAUHOIO KOHIIEHTPAI[i€l0 MAlOTh XapaKTep-
HUU 3amax. Yci KOHIIeHTPOBaHI PO3UMHU 0€30KCUTeHOBUX KUCJOT MAalOTh
3arax BiNIIOBiMHUX rasiB YHACJiTOK IXHBOI JETKOCTI.

VYeci kucaoTu Kucyi Ha cMaK, 3aBAAKYN YOMY M OTPUMAJW TaKy Ha3BY.

+ CNoBo «oLeT» NOXOAWTb Bifi FPELbKOro CNoBa OKCOC, WO O3HAYAE KUC-
nun», OueT BUKOPUCTOBYIOTb yXe MOHaj TPU TUCAYI POKIB, i B AaBHI
yacu BiH OyB €QUHOIO BiAOMOIO XapyOBOK KUCNOTOK, TOMY MOro Ha3By
OTOTOXKHIOBANN 3 YABIEHHAM MPO CaMy KUCJY CYTHICTb. TOX CTapofaBHIM
rpekam 6yno 6 cboropHi AMBHO MOYYTW Hall TEPMiH «OLTOBAa KUCIOTay,
o 6yKBaJIbHO O3HAYaE «KUCNA KUCIOTay.

- Y CepepHi BikM OOHVMM 3 OCHOBHUX CMOCOGIB AOCHIAKEHHS HOBUX pe-
YOBMH OYB OpraHoONenTMYHUIN meTop. HaykoBelb MaB CaMOCTIHO AoO-
CNignTV 3amax Ta CMaK PeYoBUH, GINbLUICTb i3 AKUX, 30KpemMa KMUCNoTu,
6ynn oTpynHuMU abo igknmu. LLIo6 3MeHWNTY pU3UK OTPYEHHS, anxiMiku
KYLITYBanuy HOBI PEYOBUHUN KiIHUMKOM A3MKa. |3 yacom KiHUMK A3MKa Big-
MMPaB i YaCTO CTaBaB CXOXKMM Ha PO3ABOEHUN A3UK 3Mii, Yepes Lo noan
Jyxe 60anncb anximikis.



BukopuctaHHA Kucnot

3HauHi 06’eMU Cyab(paTHOI KUCIOTH BU-
TpavaThCcA MijJi yac mepepoOKm HadTH
Ha TajbHe, a TAKOXK Yy BUPOOHUIITBI KO-
JIOPOBUX MeTaJIiB, MUMHUX 3acobiB, Jii-
KiB i 6apBHUKIB, BUOYyX0OBUX MaTepiaJis,
aKyMyJIATOPiB i CipHUKIB.

HitpaTtHa KucaoTra He3aMiHHA AJA BU-
TOTOBJIEHHSA MiHepaJbHUX H00OPUB, JiKiB,
BuUOYXOBUX pEUYOBUH, JakKiB Ta ¢dapb.
BoHa € KOMIIOHEHTOM PaKEeTHOTO MaJuBa.

XIopUaHY KMCIOTY BUKOPUCTOBYIOTH IS
00poOKY Ta MOOYBAHHA MeETAJiB, V BU-
POGHUIITBI IIYKPY Ta BUHOPOOCTBi, mJIsd
BUT'OTOBJICHHS MHIHUX 3ac00iB, IJad BU-
poOHUIITBA JTiKiB, 0apBHUKIB Ta mjaacTMac.

OptodochaTHy KHCIOTY B B3HAYHUX
KiJIBKOCTAX BUKOPUCTOBYIOTH IJIA BU-
poOHUIITBA MiHEpPAJIbHUX AOOPUB, IPOTU-
KOPO3iMHUX MHOKPHUTTIB IJsd MeTalis,
CTOMATOJIOTIYHMX IIpemapariB, OJd BU-
TOTOBJIEHHSI HAIIOIB.

YumaJiio KUCJIOT BUKOPUCTOBYIOTE ¥ Xap-
4oBi#l mpomucaoBocTi. I He auIte Ax cma-
KOBi mpunpaBu [AJd HAJaHHSA KUCJIOTO
cmaky. Kwucaoru (omroBa, JIMMOHHA,
0eH30iiHAa, BUHHA) BUKOPHCTOBYIOTH fAK
KOHCEPBAHTH /JIA BIIOBiJIbHEHHSA IICYBaH-
HA IIPOAYKTIB.

Omer, SKUl BUKOPUCTOBYIOTH Yy MOOYTi
IJs MapuHyBaHHsS rpubiB i oBouiB Ta
UL IPUTOTYBAHHS IPUIIPas,— e 6% -i
a60 9% -it BogHUIT PO3UYMH OITOBOI KHC-
JIOTH.

Maiike B KOXKHOIO B JOMAIIHIN amTeu-
i € ackopOinoBa kmuciaora (Bitamin C),
aeTWICAJINUIOBA KHCJIOTa (aCIipuH)
i oopatHa kucaora (ii cumupToBUI PO3-
YWH BUKOPUCTOBYIOTh JJIA Ae3iHderirii).



MNowwvpeHicTb KNCNOT Yy NpUpOAi

IIlix gac rposu B aTmocdepi yTBOPIOETHCA Be-
JUKa KiJIbKiCTh KUCJIOT, 30KpeMa cyabdar-
HOI Ta HiTPaTHOI, IIT0 BUIIaJal0Th HA 3€MJIIO
3 momieM. Hampuiiaaz, IopiuHo HiTpaTHOI
KHCJIOTU BUIIALAE HA 3eMJII0 3HAUHO OiJIbIle,
Hi’)K BUpOOJse CBiTOBA IPOMMUCIOBICTD.

T'azoBaHa Boga — Ile PO3UYMH KapOOHATHOI
Kucaotu. HeBenuki momimku xapboHaTHOI
KHUCJOTHM MiCTHUTHh HAaBiTH mpicHa Boma 3a-
BOAKUN DPO3UMHEHHIO B Hill BYIJIEKUCJIOTO
rasy 3 IoBiTpsd.

Cyab¢imgaa kmeaora MicTUTBCA B JeAKUX
MiHepaJbHUX BOJax. barari Ha If0 KHCJO-
Ty IPUPOAHi A:Kepesa B 3aKapHaTChKiil Ta
JIpBiBCBKilT oOsacTax. 3HAUHUM € Ii BMicT
y Bomax YopHOro mMopsa Ha ryMOWHI IMoHAaL
100 M, came ToMy TaM MaiiKe BimcyTHi
JKUB1 oprauismu.

OBoui Ta GPYKTU MiCTATH OPra”HivuHi KMCJIOTH.
3azBuuail iXHA Has3Ba IMIOXOAUTH BiJl IIPOAYK-
TiB, y AKMX BOHU OyJsu Bigkputi. ¥ AbIyKax
MicTUTBCA HAOJYyYHA KHCIOTA, Yy JHUMO-
Hax — JauMoHHA. Taxko:k BimoMmi miaBieBa,
BUHOTPAJAHA, OYPIITMHOBA KHCJIOTH TOIIO.

IInyukoBUE CiK 3aBXKIU MIiCTUTH XJOPHI-
HY KHCJOTY B KOHIleHTparii maitske 0,6 % .
KucnorHe cepemoBuile IIJIYHKA CIPUIAE
TPaBJIEHHIO Ta 3HUIIEHHIO XBOPOOOTBOPHUX
O0akTepiii.

Ilin vac BuKOHAHHA (iBWUYHUX BIpPaB
y M’s3axX MOKe HAKOIMYyBATHUCS MOJIOUHA
KHcaoTa. Ii HagBHicTE — mpuyrHa 00JIF0
B M’a3ax. MoJoyHa KHCJIOTA TaKOXK YTBO-
pIOEThbCS B pasdi CKMCaHHA MOJIOKa abo KBa-
IIeHHS KaIyCTU Ta CUJIOCY.

OtrpyTra Mmypax Ta 6/KiJ MiCTUTH MypalIuHy
KUCJIOTy. BoHa MicTUTBCA TaKOMK y BOJIOC-
Kax mexkyuoi kponuBu. Ilsg Kuciora € gy:xe
iTKOI0 PEUOBWHOIO i B pasdi moTpamadaHHS
B PaHKYy IiJg yac yKyciB posd’imae mikipy.
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« Y XIX cToniTTi 3'ABUNMCA Tak 3BaHi «MaKasibHi CipHUKW», AKi 3aropanuca
He BiZ TepTA, a B pa3i BMOYYBaHHA iX Yy KOHLIEHTPOBaHy cynbdaTHy
KucnoTty. Pasom i3 uumm cipHMKamu npofaBann CKAAHKU 3 KUCIIOTOLO.
Ane KopucTyBatUCA HUMK Oyno BKpal He3py4yHO Ta HebesmneyHo.

« MNig pieo xnopuaHOI KUCNOTU rHe GinbluicTb 6akTepil, Wo noTpanuimn
B WAYHOK. TaKy camy [it0 Ha MIKpOOpPraHi3aMy YNHUTb 1 OLTOBa KUC/OTA.
Came TOMYy i pO3YMH YaCTO BUKOPUCTOBYIOTb A/ KOHCEPBYBAHHA NpPO-
[YKTIB Xap4yBaHHA.

%

3.

7 BucHoBKM

BinbwicTb KMcnot — ue 6e36apBHi TBepAi abo pigki peyosnHU. besokcu-
reHoBi KMCNOTU — Le PO34YMHU BignoBiAHWX rasiB y Bogi. Ha npakTtuui
3a3BMYAl BUKOPUCTOBYIOTb HE YMCTi KNCNOTK, a iX po36aBneHi po3UnHu.
Kucnotn — py»ke nowmpeHi B Npupoai peyoBuHW. barato HeopraHiyHmX
KNCNOT MicTUTbCA Y Bofi CBITOBOro okeaHy Ta B JOLLOBI BOAI, KyAN BOHU
noTpanaAlTb i3 NOBITPA BHACNIAOK BYNIKaHIYHOI AiAnbHOCTI Ta rpo3m. Op-
raHiyHi KMCNOTW MICTATbCA B OBOYax, GpyKTax Ta TBAPUHHMX OpraHiamax.
Kncnotn — Baxknuei Ana npoMMCciIoBOCTi pedoBUHU. Halnbinblie BUKOpUC-
TOBYIOTb CynbdaTHY, HITPaTHY, XIOpUAHY Ta opTodpochaTHy KNCIOTN.

Q KoHTponbHi 3anuTaHHA

1.
2.
3.
4

1.

Onunwite ¢i3NYHI BNAaCTMBOCTI KNCIIOT.

AKi KUCNOTK € po3unHamm rasonofibHMXx peyoBuH y Bogi?

Y BUKOPUCTOBYIOTb Y NabopaTopHii NpakTuLli YnCTi KucnoTu?

Yn MOXKHa BiAPI3HNTM KMCOTW Bif iHWMX PEYOBUH 3a 3arnaxom? KOnbo-
pom? cmakom? HasegiTb npuknagu.

OnNMWiTh NOWMPEHICTb HEOPraHiYHNX Ta OPraHiYHUX KUCIOT y NPUPOSi.
OnuLWiTe 3aCTOCYBaHHA KMUCSIOT Yy NPOMMUCSIOBOCTI Ta NobyTi.

Yomy nig yac 3aroTiBni OBOYIB Ha 3MIMy BUKOPUCTOBYIOTb AIK KOHCEPBAHT
PO3UMH OLTOBOI, LABMEBOI ab0 IMMOHHOI KncnoTtn?

f 3aBAaHHA AnA 3aCBOEHHA MaTepiany

Cknapitb popmynu KUCNOT, i3 AKMx yTeopeHi coni: K,CO,, Na,PO,, Fe(NO,),,
K,SiO,.

Ik Bn BBaXaeTe, Gopmyna AKOI cnoykm «3ansa» B nepeniky: H,CO,, KOH,
H,SO,, H,SO,, HCI? lo Akoro knacy HeopraHiuHMX CNOYK BOHa HanexuTb?
O6uncniTe BIAHOCHY TYCTWHY FigporeH Xnopuay: a) 3a BoAHeM; 6) nosi-
TpAM; B) refiem.

O6uncniTh, y AKOMY 3pa3Ky MiCTUTbCA Gifblie aTomis OKcureHy: a) 3,7 Monb
H,S0, un 100 r Ca0; 6) 78,4 n CO, un 4,2 monb NaOH.

MacoBa vacTka cynbdaTHOI KMCNOTU B PO3UUHI cTaHOBUTL 4,9 %. O6unc-
NiTb KiNbKiCTb PEUOBUHN L€l KNCNOTW B TaKOMY PO34uHi macoto 200 T.



§ 33. XimiuHi BnacTMBOCTi Kucnor

Mpurapante:

+ ANA BM3HAYEHHA PO3YMHHOCTI PEYOBUH Yy BOAI BMKOPUCTOBYIOTb Tabnuuio pos-
YNHHOCTI;

+ AK BMABNAIOTb NYrn B pPo3unHi (3a § 31);

* MPVIHLMN KUCNOTHO-OCHOBHUX B3aeMopin (3a § 28);

+ YMOBWU, 3a AKUX BigbyBaloTbcA peakuii obmiHy (3a § 31).

BuaBneHHa kucnor

SK 1 gmyru, KUCJIOTU MOKHA BUABUTHU 3a AOIIOMOIOI0 iHAMKATOPIB.
3abapBieHHs iHAMKATOPIB 3a HAABHOCTI Ta BiJCYTHOCTI KHCJIOT y PO3-
yuHi HaBemeHi B Tabaumi 10.

Ta6auua 10. 3ab6apBiaeHHd iHAMKATOPIiB 3a HASABHOCTI
Ta BiZCYTHOCTi KHCJIOT

3abapBieHHA B PO3UYUHI
Inpukarop 3a HaASIBHOCTi KHCJIOT 3a BigCyTHOCTI KHCIOT
(KMCIOTHE cepeToBHUIIe) (HeiiTpaJbHE cepegoBHUIIE)

Jlakmyc YepBoHUit dioseroBuii
Metunosuii . .

. YepBoHUM OpamsxeBuii
OpaHKeBUit
denoadranein BesbapBaMi Besbapsuumii
YuiBepcambHUI YepBoHUIHA KosTuit

B3aemogia KnMcnot i3 peyoBMHamMu OCHOBHOI Npupoan

Bu Bke BUBUMJIN peakIlii OCHOBHMX OKCHIIiB Ta OCHOB i3 KHCJIOTaMHU.
Mix HuMu BinOyBalmoThCSA peakilil oOMiHy, Y IKMX YTBOPIOIOTHCA Cib Ta
BOJA:

H,S0, + 2NaOH = Na,S0, + 2H,0
2HCl+K,0 = 2KCl+H,0

AmporepHi okcuau Ta aMm@oTepHi riAPOKCHUIN Y B3aeMOMil 3 KMCJIO-
TaMU BUSBJAIOTL BJIACTUBOCTI OCHOBHUX PEUOBMH, TOOTO pearymoTh, SK
3BUYAMHI OCHOBHI OKCHAM Ta TiAPOKCHUIM:

Zn0+H,S0, = ZnS0, + H,0
Al(OH), +3HCI = AICl, + 3H,0



§ 33. XiMiuyHi BNacTUBOCTI KUCIOT

B3aemogpia kKucnot i3 conamu

Kucmoru MOXKyTh BCTymaTu B peakiliio i3 comAMu (AK PO3UMHHUMU
y Bogmi, Tak i HeposumHHUMMN). MiK KucjgoTolo Ta cijuro BigmOyBaeThcsa
peakiiig oOMiHy, OT)Ke, IPOAYKTAMH pPeakKIlii MarTbh OyTH TaKOMK Ciib
i KmeJgoTa.

Bsaemogisa misk cimao # KMCI0TOIO BigOyBaeThCs, AKINO Peariiis
BigmoBimae ymoBaM Iepebiry peaxiiiii oOMiHy.

1. Kucaora abo cijb, III0 YyTBOPIOETHCS, BUIALAE B OCAL.

cinn(1) +kucaora(l) — Heposumuna cias(2)! +kucaora(2)

abo

ciixn(1)+kucaora(l) — cinn(2)+Heposunana kucaora(2)!

Hanpuraazn, mig uac Bsaemopii O0apiii xjgopuny i3 cyabhaTHOO KKC-
JIOTOIO YTBOPIOEThCSA OiNMII ocajJ HEepPO3UMHHOI coji — Oapiit cyiabdary:
BaCl, +H,S0, = BaSO,| +2HCl

Cepen BimoMuxX BaM KMCJIOT HEPO3UMHHOIO € CHMJIiKaTHA KHCJIOTAa,
BOHA YTBOPIOETHCA MiJ yac peakIlii poBUMHHUX CUJIIKATIB i3 KUCJIOTaMMU:
Na,Si0, + 2HCl = 2NaCl + H,SiO0,!

2. Buginenns rasomnomioHoI pe4yoBMHU, III0 MOMKJINBO, AKIIIO YTBOPEHA
KHCJIOTa HecTiiKa abo JieTka.

cians(1)+xkucaora(l) — cinn(2)+Hecrilika abo JeTka gucaora(2)T

Ilim yac B3aemozii kapb6oHaTiB abo cyab(diTiB i3 KuUcIOTaAMU YTBOPIO-
IOThbCA HeCTiKi Kucaotu (KapOoHaTHAa U cyab(iTHA), AKi Bigpasy pos-
KJIaIalOThCA:

H,CO, = CO,T+H,0

H,S0, = S0,T+H,0
Tomy Taki cosi akTHBHO pearyrooTh i3 Kucaoramu. Hanmpukiaazn, y pasi
nil Ha TOPOIIIOK KaJjbllii KapOoHATy (BamHAK, Kpeija, MapMyp) XJIo-
PUAHOI KHCJIOTH pifmHa Hib0W 3aKMWIae, OCKiJIBKM yTBOpeHa KapOoHATHA

KHCJIOTa MOMEHTAJIBHO POBKJANAETHCA 1 MPU IILOMY BUIINAETHCA 6araTo
Byrjekucjoro rasy (mana. 33.1, c. 178):
P H,0
CaCO,+ 2HCI = CaCl,+H,CO,
a6o ™ co,T
CaCO,+ 2HCl = CaCl, +CO,T +H,0
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TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

Man. 33.1. B3aemogia xno-
PUOHOT KNCNOTU: @ — 3 PO3-
UYAHHUM HATpPI KapboHaToM;
6 — HEepPO3UMHHMM KanbLin

KapboHaToM. B 06ox Bu-
nagKkax yTBOPIETbCA Benuka
KinbKicTb rasy, ane B nepuo-
My BMUMAfKy ra3 yTBOPHETbCA

B YCbOMY OOG'EMi PO3UUHY,
4 a B agpyromy — nuuie Ha no-
BEPXHi KanbUill KapboHaTy

Awnajoriuno BigOyBaeThCs peakIlid B3aeMoil HaTpili cyab(piTy 3 Kuc-
JIOTOTO:
H,0

Na,S0,+2HCI = 2NaCl + H,SO0, -7

abo SOzT
Na,S0,+2HCl = 2NaCl+S80,T+H,0

Heari KUCJIOTH € JIEeTKUMU U MOTaHO PO3UYMHSAIOTHCA y BOJi, AK, Ha-
npukaazg, cyibdigna kuceaora H,S. V pasi il xgopuaHOl KHCIOTH Ha
dbepym(Il) cyabpdin peaxitisa BigOyBaeTbcs 3aBAAKN BUAIJICHHIO 3 PO3UU-
HY TrigporeH cyabdiny (cipkoBomHIO) — rasdy i3 3amaxoM TyXJHUX SA€Ib:

FeS+2HCl = FeCl,+H,ST

BapTo nam’ATaTy, WO peakuii KNCIOT i3 CoNnAMM He 3aBXAW BigOyBaloTbCH,

HaBiTb AKLLO GOpPManbHO peakLisa Bignosigae ymosam nepebiry peakuii 06-

MiHy. Tak, AKLwo 3miwatn posunHu depym(ll) xnopuray 1 cynbdigHoi Kucnotu,

TO peaKLlia He BiIGyBaTMMETbCA, X0ua B pe3ynbTaTi Ma€ yTBOPUTUCA Ocaj;
FeCl,+H,S # FeS{ +2HCI

Cnpasa B cuni Kncnot. CunbHummn knucnotamm € H,SO,, HNO,, HCI, HBr Ta
HI. IHWi Kncnotn, HaBedeHi B Tabnuui 7 Ha c. 138, € cnabkumin. OTXe, Xno-
puaHa KUCoTa € CUbHOM, a cynbdifHa — cnabkoto. Blaemogis depym(ll)
xnopuay i3 cynbdigHO KMCNOTOK He MoXe BigbyBaTuca, Tomy Wwo cnabka
KNCOTa He MOXe BUTUCHYTU CWIbHY i3 coni. A cusibHa KUCI0Ta MoXe
BUTUCHYTW Cnabky i3 coni:

FeS+2HCl = FeCl,+H,ST

OTXXe, YCi CUMbHI KACNOTU 3JaTHi B3aEMOZIATY i3 CONAMM BCiX CNabKUX KUC-
not. Hanpuknag, cynbdaTHa KAC/I0Ta MOXe BUTUCHYTU opTopochaTHy 3 He-
PO3UMHHKX opTodocdhaTiB:

Mg, (PO,), +3H,50, = 3MgS0, + 2H,PO,



§ 33. XiMiuyHi BNacTUBOCTI KUCIOT

Bo% Kncnota
x v

Kncnota Boma —7

a 6
Man. 33.2. Po36aBneHHA KUCIOTU BOAOI: 0 — HEMpPaBUiibHO, 6 — MpPaBUIbHO

be3neka nig yac poboTn 3 Kucnotamm

Kucnoru — igki pevoBmHU. Y pasi mMoTpamidsHHS Ha MIKipy abo ciau-
30Bi OOOJIOHKM KHCJIOTH MOKYTHb CIIPUUYMHUTH XiMiuHi omikm, a B pasi
KOHIIEHTPOBAHOI CYJIb(ATHOI KMCJIOTH — HAaBITH OOBYIJIIOBAHHSA IIKipwH.
SIKII0 KUesioTa MOTPanuTh Ha OLAT, MOXKYTh 3’ ABUTHUCS AipKu. ToMy 3 Kuc-
JIOTaMu, OCOOJIMBO KOHITEHTPOBAHUMM, CJiJ TIOBOAUTHCA MY:Ke 00eperkHO.
IIpaimoBaTu 3 HUMH 0a’KaHO B I'YMOBHX PYKaBHUKax. SIKIIO KHCJIOTa BU-
HagKOBO IOTPAIIMJIA Ha IIKipy abdo omAr, ii caij HeraiiHO 3MUTU BEJIUKOIO
KiJTBKiCTIO BOIM, a 3aJIMIITKN HEMTPATIidyBaTH PO30aBIEHUM PO3ULMHOM COJII.

Ilig wac po3uMHEHHSA KOHIIEHTPOBAHUX KUCJOT Y BOOI BUMIJIAETHLCSI
BeJIMKa KIJbKicTh TemaoTu. SIKIO HAJIWBATU BOAY B CKJIAHKY 3 KOHIIEH-
TPOBAHOIO KMCJOTOIO, TO BOJAa 30MpaEThCcA HA IIOBEPXHi (I'ycTMHA KOH-
IEeHTPOBAHUX KUCJOT OiJIbIlla 3a T'yCTHMHY BOJM) i IIiJl BIJIMBOM TEIJIOTH
MOJKe 3aKHIIITH Ta IIOYaTH PO30PU3KYyBaTHUCA pasoM i3 Kucaoroio. Tomy,
po30aBIsAIOUYN KOHIIEHTPOBaHI KUCJIOTU, 000B’I3KOBO CJiJ] HAJIUBATU KUC-
JIOTY B CKJSIHKY 3 BOJOIO, a He HaBmaku (Maj. 33.2).

AOMALUHIA EKCMEPUMEHT

[ia Ha cik 6ypAKa NIMMOHHOrO COKY, PO34YMHY Xap4yoOBOi coau,
MWIbHOTO PO34YUNHY

Bam nompibHi: KacTpyJid, OypAK, HixK, JiliKka, QiIbTpyBaIbHUN HAIIip
a60 QiabTp A1 KaBOBapKU, JUMOHHUIIHI CiK, OIleT, XapuoBa coja,
IpPaAJbHII IOPOIIOK Ta PO3YNH MIJIA.

| HpaBuna Gesmexu:
® - BUKODHWCTOBYITe HEBEJWKi KiJILKOCTI PEUOBUH;
« ocTepirafiTecsi MOTPANJIAHHA KWCJIWX PEYOBUH HA IIKipy, B oui;
y pasi moTparIaHHA PeYOBUHY CJiJl 3BMUTH BeJIUKOIO KiJBbKiCTIO BOAM;
* mamM’siTaiiTe, IO rapAYi Ta XOJIOAHI IpeaMeTH OJHAKOBI Ha BUIJIAL,
KOPUCTYHTeCA 3aXUCHUMU PYKaBUUKAMMU.
179



TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

Man. 33.3. MpuroTyBaHHA iHAMKaTOpa 3 OypAKa: d — NOAPIOHEHHA OypAKa;
6 — KUN'ATIHHA 6ypsAKa y Bofdi; 8 — ¢inbTpyBaHHA BigBapy

V meAKMX pocaMHAX € PEUOBUHU, KOTPi MOKHA BUKOPUCTOBYBATHU SAK
imgmkaropu. A mOYaTKy CJim mo0yTu poO3UMH iHAMKATOPY 3 OypdAKa.
Ile mo:xHa 3po0OKUTH B Pi3HIi cIocoOM: BUUABUTHU CiK i3 OypsAKa 3a JOIIOMO-
rOI0 COKOBMKMMAJIKM ab0o mpurotryBaTH BimBap is Oypsaka. I11o6 spobuTu
BiZiBap, HApi’KTe HEBEJIUKUN OYPAK TOHKUMH CKMOOUKaMu ab0 COJIOMKOIO.
ITomicriTe #ioro B okpin (mpubausuo 0,5 i), 1106 BigBap BUHIIIOB JOCUTH
KOHIIeHTPOBaHUM. JlaiiTe MOKUOITU AeKiJbKa XBUJIUH, IIiCJSA IILOTO OCTY-
OiTe Ta BigdiabTpyiiTe BigBap Big s3aauIIKiB Oypska 3 BUKOPHUCTAHHIM
narnepoBoro ¢inbTpa abo ¢isbTpa Mg KaBoBapku (Maia. 33.3).

IIpurory#iTe mricThs CKIAAHOK i HasmiiTe B KOXKHY mo 50 My BoAHM.
Y 1mepHry CRIAHKY JoAaiTe CTOJOBY JIOMKKY OIITY, Y APYIr'Yy — CiK of-
HOTO JIMMOHA, y TPETI0 HACUIITE IIOJIOBUHY YaWHOI JIOMKKH COAU, Y UeT-
BEPTY — CTiJIBbKU K HPAJbHOTO HOPOMIKY, V II'ATill CKJIAHIII PO3UNHITH
HEeBEeJIMKUU INIMAaTOYOK MMNJIA, a B IIMOCTiH BaJUINTEe UYUCTY BOAY IJd
nopiBHAHHA. MOXKHA TaKOK 3aTOTOBUTHU CKJIAHKY 3 PO3COJIOM BiJl Mapu-
HOBaHNX OTipKiB abo momimopiBs, i3 COKOM KBallleHOI KaIlyCTH, CBilKKUM
Ta KUCJAUM MOJOKOM.

Jo Ko:KHOI CKIASHKHY fgomaiTe HeBequKuii 06’em (5—10 Kpamesb) coOry
abo BimBapy Oypsaka. fIk 3miHOeThCsA 3a0apBieHHA?

3amnuIlriTh CBOI CIIOCTepPeKeHHA B 30IIMUT. 3P00iTh BUCHOBKU:

1) Ak smiHIOETHCS 3abapBJeHHS COKY (BimBapy);

2) y AKUX CKJISHKAX MiCTHUJINCSI KUCJIOTU, a B SKUX — JYTHU;

3) um MolKkHa Ccik (BigBap) OypsAKa BUKOPHUCTOBYBATU SAK iHAWMKATOP.

Ileit excmepuMeHT MOJKHa IIOBTOPUTH, Y3SABIIM 3aMicThb OypsaKa
YEepPBOHOTOJIOBY KAIIyCTy, YOPHUIIO, HEJIOCTKU (iasoK, Oys3Ky, OapBim-
Ky, ipuciB abo iHIMX sicKpaBo 3a0apBJeHHX KBiTiB, a TaKOK 3BHUYAKHY
3ejieHKY (po3umH «BpuJIbsHTOBOTO 3€JIEHOTO» 3 JOMAIIHBOI alTeuKu).



§ 33. XiMiuyHi BNacTUBOCTI KUCIOT

“a

o
1

S

BucHOBKM

1.

[inA BMABNEHHA KNCIOT BMKOPWCTOBYIOTb Ti CaMi iHAMKaTopwu, Wo 1 AnA
BUABMEHHA NYriB. JJakMyc, METUNOBUA OPaH>KEBUIN Ta YyHiBepCaNbHUN iH-
OVKaTOP 3a HAaABHOCTI KMCMOT 3MiHIOIOTb CBOE 3abapBNieHHA Ha YepBOHe,
a deHondTaneiH 3annwaeTbcsa 6e36apBHUM.

Kncnotn pearylotb i3 peyoBMHaMM OCHOBHOI MPUPOAU: OCHOBaMM Ta
OCHOBHUMM OKcuZamu. Y pesynbTaTi Takoi B3aEMOAii YTBOPHOOTLCA Cinb
Ta BoAa. AMboTepHi okcnam Ta amdoTepHi rigpokcMan pearyioTb i3 KUc-
notamu Tak camo.

Kncnotn 3paTHi BCTynat i3 conamu B peakLii 06miHy. Mpu Libomy yTBOpIO-
I0TbCA iHWI K1CNoTa Ta Cinb. Peakuin BigbyBaTMeTbCs y BUNAAKY YTBOPEH-
HA NeTKOI UM HeCTIKOoi KMCNoT! abo B pasi yTBOPEHHA HEePO3UMHHOI coni
4m KUCNIOTU.

Kncnotm — ipgKi peyoBrHK, 3 AKAMU CNif NMOBOAUTMCA JyXe o0bepeXxHo.
Po36aBnatoun KncnoTu, HeobxifgHO BAMBATU KUCIOTY Y BOAY, a He HaBMna-
Ku. Y pasi noTpannaHHA KMCNOTK Ha WKipy abo ogar 1i cnig HeraHo 3mu-
TN BENNKOIO KiNbKiCTIO BOAN Ta HENTpanisyBaTh 3auLLKN PO3UYMHOM COAM.

KoHTponbHi 3anuTaHHA

1.

2.

PeyoBrHM AKOro Knacy cnonyk yTBOPIOIOTbCA B pa3i B3aEMOAII KNCNOTH
3 OCHOBOIO 4N OCHOBHMM OKCMAOM?
AKi peyoBMHMN YTBOPIOIOTHCA B peaKLii 0OMiHY MiX KMCNOTO Ta cinnio?

3aBAaHHA ANA 3aCBOEHHA MaTepiany

1.

2.

CKnagiTb PiBHAHHA peaKUill HITPATHOI KNCIOTU 3 MarHii OKCMAOM Ta mar-
Hill rigpoKcMaom.

Cknagitb PiBHAHHA peakuii B3aemopii cynbdaTHOI KUCNOTA 3 TaKMMU Cno-
nykamu: Kynpym(ll) rigpokenp, KanbUin rigpokcua, anoMmiHin okcua, LUHK
rigpoKkeua, Kanin cynbdit, HaTpin cynbodia, Kanii kapboHat, Kynpym(ll) cynb-
oig. Y Bcix BUNagKax BU3HauTe, 3aBAAKM YOMY BiAOyBa€ETbCA peaKLis 0OMiHY.
AKi okcmawn nig Yac B3aEMOAIT 3 XJIOPUAHOI KUCSIOTOK YTBOPIOOTb TaKi
coni: CaCl,, HgCl,, FeCl,? Cknafitb piBHAHHA LUMX peakuin.

AIKi 3 HaBefeHVX PEYOBMH MOXHa BMKOPWCTATW ONA MOMVMHAHHA BYyre-
KUCNOro rasy 3 MOBITPA: PO3UMH HATPIN rigpoKcupy, po3umH cynbdaTHOI
kncnotu, pocdop(V) okena, Kanbui rigpokcna, Kanbuiin okcng? Bignosiab
nigTBepabTe PiBHAHHAMU peaKUil.

CKnapitb pPiBHAHHA peakLiil, 3a 4OMOMOrOK AKUX MOXHA 3[INCHUTU TaKi
nepeTBOPEHHS:

a) Mg — MgO — MgsSO,; 6) Cu — CuO — Cu(NO,),.

MopiBHANTE MacK 3pa3kiB: opToPocdaTHa KUCOTa KiNbKiCTIO peyoBMHU
3 MOJIb Ta HiTpaTHa KNCNOTa KiNbKICTIO pevyoBMHN 4 MOSb.



TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

7.

10.

11.

12%,

13*%,

JONOBHITb CxeMK peaKLil, yKaxiTb Ha3BM MNPOAYKTIB peaKLii Ta Jo6epiTb
koedilieHTn:

a) NaOH+... — Na,SO,+...;

6) ...+HC — AICL, +..;

B) Ca0+... — Ca(NO,),+...;

N MgO+... = MgCO;;

A) ...+50, = Na,SO;+...;

e) ALO;+... — AL(SO,),;

) ...+... > Fe(NO,); +H,0;

K) KOH+... — K,PO, +...

O6uncniTb KinbKicTb peyoBMHU aTomiB OKCUreHY, WO MICTUTbCA:

a) y 0,25 monb cynb®iTHOI Kncnotu; 6) 15,6 T CUNIKAaTHOT KUCIOTH.

la3, Wo nig yac pPO3YMHEHHA y BOAi YTBOPIOE KUCIOTY, Ma€ BiAHOCHY Tyc-
TUHY 3a nositTpam 1,17. Cknagite dopmyny uiei Kncnotu. K HasmBawTb ii
coni? Cknagitb PiBHAHHA JOOYBaHHA LbOro rasy 3 NpoCTUX PEYOBUH.
Kanbuii kap6oHat macoto 20 r NOBHICTIO NpopearyBas i3 XNOPULHO KNC-
nototo. O6uncniTb 06'em rasy (H. y.), Wo BMAINMBCA Mif Yyac peakuil.
Po3uunH HaTpin cunikaty macoto 61 r i3 MacoBolo YacTKo coni 2 % 3miwa-
NN 3 HAAJIULLKOM XNOPUAHOT KUcnoTn. O6uncnitTe Macy yTBOPeHOro ocagy.
fIK B/ BBaxaeTe, YoMy cynbdaTHy KMCNOTY Ha3MBaloTb «MaTip'to BCiX KUC-
noT»? Po3kpuiTe i1 3HaUeHHA B NMPOMMUCIOBOCTI.

[o Aakmx Hacnigkis, Ha Bawy AYMKY, NPU3BOAUTb MOTPAMIAHHA KUCIOT
y rpyHT abo BogonmuLa? Y nonaTkoBux gxepenax iHpopmauii 3HangiTe
NPVKNaan Taknx BUNaaKis.

m

§ 34. Papg aktuBHOCTIi MeTaniB. Peakuii 3amiweHHA

MpwurapanTe:

+ NPOCTi PEYOBUHY CKNaJAOTbCA 3 aTOMIB OOHOIO XiMiYHOFO efleMeHTa, iX NoZiNAITb
Ha MeTanu Ta HemeTanu;

+ ONA MeTaniB XapaKTepHWIN MeTaniuHui 61MCcK, enekTPOonPOBIAHICTb, MNACTUYHICTb TOLLO.

[MOHATTA Npo pAf akKTUBHOCTI MeTanis

Y 6GaraThox XiMiUHMX peakIlisgxXx 0epyTh yuacThb IIPOCTi PEUYOBUHU, 30-
Kpema MeTaau. MeTaiu MOKYTH B3a€MOIIATH MalKe 3 yciMa KJjlacamMu
HEOpPraHiuHMX CHOJIYK, II0 BUBYAIOTh Yy IIKiIbHOMY Kypci ximii. OgHar
PisHI MeTasiM BUABJIAIOTH Pi3HY aKTUBHICTH Y XiMIiUHUX B3a€EMOAiAX, i Bif
IILOTO 3AJIEKUTh, BiZOyBaTHUMEThCSA PeaKIlis UM Hi.

3a aKTHUBHICTIO BCi MeTajaum MOJKHA PO3TAINyBAaTH B PAM, AKUN HAa-
3WBAIOTh PAAOM AKTHMBHOCTI MeTaJNiB (BUTUCKYBAJbHUM PAJOM METAJiB,
PAIOM HaANpPyT MeTAaJIiB, eJIEKTPOXiMiuHUM pAAOM HAmpyr metasiB). Ilei
pan ymepiiie ckjaaB i mocaizuB M. M. BekeroB, ToMy Iiefi psan Mae Iie
onHy Ha3By — psan Bexerosa.



§ 34. Pap akTMBHOCTI MeTaniB. Peakuii 3amileHHsA

BupaTHMin XiMiK, 3aCHOBHUK YKPAIHCbKOI LUKOAU
¢diznyHoi ximil. HapoamBcAa B poAuHI MOPCbKOro
odiuepa. Big 1855 poky — npodecop XapKiBCbKOro
iMNepaTopcbKOro yHiBepcuTeTy, Ae 3a MOro nNporno-
3uuieto 1864 poky 6yno Bigkpute nepuie B YKpaiHi
Odi3uko-ximiyHe BigaineHHa. Came Tam ynepLue y cBi-
Ti BiH MoyaB BMKAagatn i3vyHy Ximilo AK OKpemy
ancumnnidy. bekeToB BifKpyB cnoci6 BigHOBEHHA
MeTaniB i3 IX OKCUAiB, AKUA [O CbOrOAHI BUKOPUC-
TOBYIOTb Y MeTanyprii, yCTaHOBUB 3aNeXHiCTb Crno-

PiOHEHOCTI enemeHTIB Bif MOPALKOBOro HOMeEpa, Mwkona
nepwmm AoOYB UMCTi OKCMAW NYXXHUX efleMeHTIB Mukonanosuy
(HaTpito, Kanito), cknaB pag aKTUBHOCTI MeTanis, bekeToB
AKUI Ha3BaHWIA oro iM'amM, 6yB aBTOPOM MEPLIOro (1827-1911)

y CBiTi nigpyyHrKa 3 Gi3nyHOI XiMmii.
Pan akTtuBHOCTI MerasniB BekeroBa mae Takuili BUrAanA (IMOBHIiIMIWMI
pan ous. Ha ¢opaami 2):

K > Ca > Na > Mg > Al > Zn > Fe > Ni >
> Sn > Pb > H, > Cu > Ag > Hg > Au

Y npomy pAny MeTaau PO3MiIlleHiI 3a 3MEHIIEeHHAM 1X XiMiuHOI ak-
TUBHOCTI y BOmHUX po3umHax. OTiKe, cepen HaBeJeHUX MeETAJIB Haii-
AKTUBHIIINM € KaJgiil, a HallMeHII aKTUBHUM — 30JI0TO. 3a JOIIOMOI'OIO
IIBOTO PAAY JIETKO BUSBUTU, AKUNA METAJ € aKTUBHIIINM 3a iHimmuii. Takoix
y IIbOMY PALi € BogeHb. IleBHa piu, BoJeHL HE € MeTaJoM, ajie B I[bOMY
pAnxy WOoTo aKTUBHICTH MPUUHATA 34 TOUKY BifIiKy (CBOEPIAHWI HYJB).

B3aemopia meTtaniB i3 Kucnotamu

Meranu, posmileHi B pAAy aKTUBHOCTI JiBOpPYydY Bij BOAHIO, 34AaTHi
BCTyIaTH B PeakIlil 3 KMCJIOTaMU, ¥ AKUX aTOMHU METAJiuHUX eJeMeHTiB
3aminryoTs atromu ligporeny B Kucaorax. I[Ipu mbomMy yTBOPIOIOTHCA Cilb
BiAmOBiAHOI KucjaoTu i BogeHb H,:

meran+kucaora — cims+H,T

Mg+ 2HCl = MgCl,+ H, T
Zn+H,S0, = ZnSO, + H,T
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Man. 34.1. B3aemopis meTaniB i3 KMCnoToto:
a — UWHKY; 6 — Mmigi

YuwMm JriBine posMileHUN MeTasa y pPAAYy aKTUBHOCTI, TUM OypPXJIMUBI-
e BiH B3aeMojie 3 KucJjaoTamMu. HalliHTeHCHBHiINIE BUTiICHAIOTH BOJEHDb
i3 KucJOT Ti MeTasm, IO PO3MIIleHi Ha caMoOMy HOUYATKyY pany. Tak,
MarHifl B3aemojie ny:ke OypxJymBo (piguHa HiOWM 3aKuIIae), IMUHK B3a-
€MoJIie 3HaUHO CIIOKiliHiIIe, 3a1i30 pearye 30BciM moBijabHO (OyabOAIIKYI
BOJHIO JielBe YTBOPIOIOTHCA), a MiAb 30BCIiM He B3a€MOMi€ 3 KUCJIOTOIO
(mau. 34.1).

SKImo mertas po3MileHUN y pALYy aKTWBHOCTI IPaBOpPydY Bij BOIHIO,
TO BiH He 3JATHUM BUTICHATHU BOJAEHH i3 PO3UMHIB KHCJIOT, i TOMY peak-
Iiag He BimbyBaeThbcs:

Cu+HCI #

3BepHiIThL yBary Ha pPiBHSAHHS peakIliii MeTasgiB i3 KucioTramMu, Ha-
BelleHi BUIlle: y IIUX peaKIlidAX aToOMU MeTAJiYHUX eJeMeHTIiB i3 mpocToi
peuoBMHU 3aMimlyroTh aromu ligporemy B Kucisorax. Taki pearmii ma-
3WBAIOTh pPeaKIisIMU 3aMillleHH.

.\‘_ Peakuii 3amiwieHHA — Le peakLil, y AKMX aTOM efieMeHTa NPOCTOi PeYOBUHM
¢ L BUTICHAE aTOM iHLIOro efleMeHTa 3i CKnagHoT peyoBUHMN.

Bzaemogisa HiTpaTHOI Ta KOHIIEHTPOBAHOI Cyab(paTHOI KUCIOT i3 MeTa-
JaMu BigOyBaeThCA 34 1HIMOIO cXeMOI0. ¥ TaKHX PeaKI[isiX BOAeHb Maike
He BUIIJIAETHCA, a BUILIAIOTHCA iHINI IPOAYKTH PeakIiii, mpo Imo Bu
IisHaeTech Yy HACTYIIHMX KJacax.
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B3aemopia metanis i3 Bogoto @
MeTanu, po3milleHi B pAfy akTMBHOCTI NiBOPYY Bifi BOAHIO, 3[4aTHI BU-
TICHATN BOAEHb He e 3 PO3UYUHIB KUCNOT, ane 1 i3 Boawu.

MeTanu, po3milleHi B pAgy akTMBHOCTI NiBOpyY Big MarHito (guB. Ta-
6nuuio Ha c. 186), B3aEMOAIiOTb i3 BOAOK 3a 3BMYAMHMX YMOB. Y TaKuX
peakuifax yTBOPIOIOTbCA NYrn i BOAEHb:

meramx (Li, K, Ca, Na)+H,0 — ayr+H,T

NiTin B3aemopie 3 Bogot Ayxe OypxnuBo:
2Li+2H,0 = 2LiOH + H, T

Kanin pearye 3 Bofow Tak 6ypXxnmBoO, WO 4YacTo BifbyBaeTbCA BUOYX.
Kanbuii i HaTpiln B3aEMoOgilOTb i3 BOAOK Tak camo OypxnuBo, ane 6e3
BMOYXY:

Ca+2H,0 = Ca(OH),+H,T 2Na+ 2H,0 = 2NaOH + H, T
YTBOpEHHA NyriB y peakuil akTUBHUX MeTasiB i3 BOJOI MOXHa AOBeCTH,

AKWO A0fATU PO3UMH NTAKMYCY, AKMIA HabyBa€e XapaKTepPHOro CUHbOro
3abapBlieHHA.

[licna B3aemogii KanbLito 3 BOAOK 3a KiMHaTHOI TemnepaTypu MarHin
[OQlaHO NIAaKMYC: Y PO3YrHi BUAHO B3aEMOJIE 3 BOAOIO AyXe MOBINIbHO,
ocaj KanbLin rigpokcuay, a CuHin PO3YMH Ael0 MYTHIE BHAC/iAOK YyTBOPEHHA
Konip CBiAYMTb NPO HaABHICTb Nyry MaslopO34YMHHOrO MarHin rigpokcugy
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MarHin B3aeEMofii€e 3 BOAOI 3a TAaKOK CAMOIOD CXEMOI, fK i aKTUBHI
MeTanu, ane 3amicTb Nyry yTBOPIOETbCA HEPO3UMHHA OCHOBAa. Peakuin
BiAOyBa€eTbCA HACTINbKM MOBINbHO, WO Crepluy MicnA AofJaBaHHA Mar-
Hilo 0O BOAM HIfAIKOI peakLii He crnocTepiraloTb — OynbballKkn BOAHIO
NOYMHAIOTL BUAINATUCA 4Yepe3 Aeakmin 4vac. [nA iHilitoBaHHA peakuii
BOAY CNif Aewo nigirpitn abo BMKOHYBaTW AOCHIA Y KUMAAYiA BOAI.
BinbLwicTb iHWKNX MeTaniB, PO3TALLOBAHMX MK MarHiEM Ta BOAHEM Yy pagy
AKTMBHOCTI, TaKOX MOXYTb B3aEMOZLIATU 3 BOAOK (BUTICHATU 3 Hei BO-
[eHb), ane Le BiAOYBA€ETbCA 3a «KOPCTKIWUMX» YMOB: A/1A LbOro Kpi3b
po3rneyeHi MeTasiyHi oWypKM NPONyCcKalTb Neperpity BoAAHy napy. 3Bu-
YarHO, WO 3a TAaKMX YMOB MigpPOKCMAN PO3KNadalTbCA (Ha OKcuA Ta BOAY),
TOMY MPOAyKTaMu peakLii € okcug BignNoBiAHOro MeTaniyHoro enemeHTa
i BOEHb:

meramau (Al, Mn, Zn, Fe)+H,0 — okcun+H,T

2Fe+3H,0 = Fe,0,+3H,T
Zn+H,0 = ZnO+H,T

Hikenb, onoBO Ta CBUHELb NnacnByrOTbCA BOAOK, TOMY 3a XOLAHUX YyMOB
i3 BOJOK He pearyrTb.

3alleskHiCTh XiMIiYHMX BJIACTHUBOCTEIl MeTaJiB
Bim posralyBaHHA B PSAAY aKTHBHOCTI

K |Ca|Na|Mg| Al | Zn | Fe |Ni|Sn|Pb|H, | Cu|Ag|Hg|Au

< AKTUBHiCTH MeTaJiB 30iIbIIyETHCA

Pearyrors i3 KuciioTamMu 3 yTBOPEHHAM COJIi Ta He pearyiots
BOJHIO i3 KucaoTamMu
Pearyrors i3 Bomoio | BuricHsaoTh 3 BO0IO HE B3aEMOJIIOTH
3a 3BUYANHUX BOJIEHb i3
YMOB BOIU 34 BU-

COKOI TeM-

neparypu,

YTBOPIOIOTH

OKCHIU

I3 BogHOTO pO3uMHy | MeTasu MoKHA JOOYTH BUTHCHEHHAM HOTO aK-
COJIi MeTaJI BUTHC- TUBHIIIIUM METaJIOM i3 PO3UMHY COJIi
HYTHU HEMOXKJIBO
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Man. 34.2. Bsaemogia po3unHy Kynpym(ll)
cynbdaTty i3 3ani3HO NNaCTUHKO

B3aemopia meTtanis i3 conammn

SAKIimo cisb po3umHHA y BOJi, TO MeTAJiYHUI €JeMEeHT y Hild MOKe
OyTH BUTUCHYTHHN aKTUBHIIIUM METAJIOM:

cinp(1)+meran(l) — cinp(2)+meran(2)

Hanpuraazn, akmo sanyputu B podunH KynpyMm(II) cyabspary samnis-
HY ILIACTUHKY, Uepe3 IMEBHUN Yac HA HiNl BUAIIUTHCA MiAb y BUTJIAIL
YEePBOHOTO HAJBLOTY:

CuSO, +Fe = FeSO, +Cul

Iz wacom B3asrisHa MIaCTMHKA MMOKPUBAETHCSA AOCUTH IHIIJIILHUM ITa-
POM IIOPOINKY Minmi, a po3umH CBiTJIillIae, IO CBIAUUTH HIPO 3MEHIIIEHHS
B HbOMY KoHIeHTparii kynpym(II) cynbdpary (man. 34.2).

3aJrizo poamileHe B pALy aKTHUBHOCTI JIiBOpydY Bim Mimi, Tomy aTomu
depymy MOKYTh BUTicHUTH aToMu Kympywmy i3 cosi. Ase SKIO B pos-
yna kynpym(Il) cyabpary sanyputu cpibHY MOJIacTHHY, TO peakilid He
BimOyBaTMMeETHCA:

CuSO,+Ag #

Migs MokHA BUTHUCHYTHU i3 COJIi OyIb-AKUM METAJIOM, PO3MIIIleHUM
JiBopyu Bim Mizi B pamy aktuBHocTi MetasniB. IIpu 1nibomy minb Oynae Bu-
TiCHATHA 3 PO3UUHIB iHINTKUX COJIell OyAb-AKUI MeTasl, PO3MIIlleHUIl y PAay
aKTHUBHOCTI mpaBopyu Bix Hel (man. 34.3, c. 188):

2AgNO, +Cu = Cu(NO,),+2Agl

187



TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

Man. 34.3. MeHW aKTMBHe 3a Migb

Cpibno ocigae Ha NoBepxHi MigHOro

ApoTy. PO3unH HabyBa€e 6MaKNTHOMO

3abapBrieHHA 3aBAAKN YTBOPEHHIO
B HbOMy coni Kynpymy

HamtakTuBHinI meTanm, po3MiIlleHi Ha caMOMy HOYaTKy PAAy — Ha-
Tpiii, Kajiii,— He BUTICHAIOTH iHIIII MeTaJu 3 PO3UMNHIB COJIeH, OCKIIbKU
BOHHM HACTiJIbKU aKTHUBHi, III0 B3aEMOJiIOTh He 3 PO3UYMHEHOIO CiJJIio,
a 3 BOJOIO, V SIKiH I CiIb po3umMHEHA.

@ B3aemogis mMeTanie 3 oKcMgamm

OKcnanm MeTaniyHuX enemMeHTiB TaKOoXK 3[aTHi B3aeEMOfiaTV 3 MeTanamu.
AKTVBHILWi MeTanu BUTICHAIOTb MEHLL aKTUBHI 3 OKcuAiB. Ane, Ha BigMiHY
Bi B3aemogii meTanis i3 consamu, y LUbOMY BUMAAKY OKCUAN HeoOXigHO
po3nnaeuTtK, Wo6 peakuia Bigdynach:

orkcua(l)+meran(l) — oxcun(2)+merasn(2)

CuO+Pb = PbO+Cu

Fe,0,+Al = Al,0,+Fe

[na pobyBaHHA MeTany 3 OKCMAY MOXHa 3acTOCOBYBaTV Oyab-AKuUiA MeTarn,
pPO3MilleHNn y pARY aKTUBHOCTI NMiBOPYY, HaBiTb HaMaKTMBHILWI HaTpin
i Kanin, agxe B pO3niaBNeHOMY OKCMi BOAW HeMae:

ZnO+2Na = NaZO +7Zn
Ca0+2K =K,0+Ca

BuTicHeHHA meTaniB i3 conen abo OKCUAIB aKTUBHIWMMW MeTanaMu iHoAi
3aCTOCOBYIOTb Y NMPOMWUCNOBOCTI AnsA fo6yBaHHA MeTani..
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» barato KMCNOT Ta iHWWX PeYOBUH anximiky HasuBanu cnuptamu (Big
NaTuH. chipimyc — pyx, 3anax). Tak, 6yB cnipimyc cani — CONSHUIA CnvpT,
abo xnopuiHa KUCNoTa, chipimyc Himpi — HiTpaTHa KUCNOTa, chipimyc
80/1AMinNic impioni — CNVPT NETKUA KynopocHUiA, abo cynbdaTHa KnC-
nota. Y cyvacHin XimiyHin MOBi Bif LMX Ha3B INWWANCA NULIE cnipimyc
AMOHI — HALWATVPHWUIA CKPT, WO € PO34nMHOM amoHiaky NH,, Ta cnipimyc
8iHi — BWHHWIA, ab0 eTUIOBUIA CANPT.

« Manatoyi akTMBHI MeTanu (MarHivi, HaTpi TOWO) HEMOXKIMBO 3aracuUTu
Bogoto. [puyrHa B TOMY, L0 Nif, YaC KOHTAKTY 3 BOAOK Manaroymi MarHin
pearye 3 Helo, YHacNifoK YOro BUAINAETbCA BOAEHb, AKUN NuLle NiACUITIOE
rOpiHHA.

+ «LlapcbKoto BOLOI0» XIMIKM Ha3/BalTb KUCNOTY, WO € CYMILILIIO KOHLIEH-
TPOBaHMWX HITPATHOI Ta XNOPUAHOI KACNOT. Taky Ha3By LA Cymil oTpuma-
na 3aBAAKM TOMY, WO 3 HEK B3aEMOAIE€ HaBiTb Lap MeTaniB — 30/10TO.

NIAGOPATOPHUI JOCNIA Ne 3

B3aemopgia xnopuagHoi KUCNoTn 3 metanamm @

O61a0HaHHA: TITATUB i3 TpoOipKaMu, TilleTKH.
Peaxmueu: TpaHyIbOBaHI 3pasky MeTaJiB: 3aJ1i30, IIUHK, 0JI0BO, aJf0-
MiHi#, Migb; XJTOpUAHA KUCIOTA.

| lpaBuna Gesmexu:

® . IIig yac BUKOHAHHS OOCJIiiB BUKOPUCTOBYHTEe HEBeJIMKi KiJIbKOCTi
peaxTuBiB;
+ ocTepiraiiTecsa IOTPAIJIIHHS PeaKTHUBIB Ha OOAr, IIKipy, B oui;
Y pasi moTpamiaHHA KWUCJIOTHU Ii CJIii HeTalHO 3MUTHU BEJUKOIO
KiJBKiCTIO BOAM Ta MPOTEPTH Miclie po30aBJIeHUM PO3UYMHOM COIMU.

1. B oxpemi mpoGipKm mOMIicCTiTh rpaHyJm PisHMX MeTaJiB (3asiso,
IIUHK, OJOBO, aJIOMIiHiN, Miab).

2. HMomaiiTe B KOKHY HIpobipky mo 1-2 mur xjopupuoi Kucaortu. Ilo
BU cmocrepiraere? I3 AKMM MeTaJiOM BUIiJIeHHS BOJHIO BimOyBaeTbCs
HalliHTeHCUBHIiIITE?

3. 3amumriTh CBOI CIIOCTEePEe)KeHHS B 3OIIUT.

4. 3polbiTh BUCHOBOK IIIOI0 MOKJIMBOCTI B3aeMoOii merasiB i3 Kuc-
JoraMu. 3icTaBTe aKTUBHICTH I[iel B3aeMOZii 3 po3TamlyBaHHIM MeTaJIy
B pALY aKTUBHOCTI.
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JNIAGOPATOPHUI JOCNIA Ne 4

B3aemopia meTtanis i3 conAamu y BOAHOMY PO3UMHi @

O061a0HAHHA: IIITATUB i3 MPobdipKaMu, IMilleTKH.
Peaxmueu: posunau Kynpym(Il) cyasdary, mirromoym(II) HiTpaTy; 3a-
JIizHa Ta MUHKOBA ILJIACTUHKHA.

IIpaBuna 6e3mexu:

* IIi yac BUKOHAHHS OOCJiiB BUKOPUCTOBYITE HEBEJIUKi KiJbKOCTi
PeaxTuBiB;

+ ocTepiraiiTecsa IOTPANJIIHHSA pPeaKTUBIB Ha O4Ar, IIKipy, B 0ui;
y pasi moTpamiaHHA 1IKO0I PeuoOBMHHU ii CJIil HeTaifHO 3MUTHU BeJIU-
KOI0 KlJIBbKicTIO BOIU.

1. VY mepmry npobipky Haauiite posunu KynpyMm(II) cyabdary, v apy-
ry — posuuH miaromoym(II) miTpary.

2. Y mepmy mnpobipry 3 xynpym(II) cyabdarom saHypTe 3aai3my
IJIaCTUHY, a B APyry — muHKOBY. IIlo cmocrepiraere? Um sminaAThCA
O3HAKU peakIrii, aximo B po3umH KynpyM(Il) cyabhary omycrtutu mumH-
KOBY ILJIaCTUHY, a B poduuH miaoMoym(Il) mitpary — 3sanisuy mimacTumy?
A ax0u B 000X BUIAAKAX BUKOPUCTAJNU CPiOHY ILIacTuHy?

3. 3anuiriTe cBoi cmocrepekenHs. CKJIaiTh BiAHmOBimHI piBHAHHS
peaxiiii.

4. 3pobiTh BUCHOBOK, € OOI'PYHTYHTE MOMKJINBICTL B3aeMojil coJiei
iz MerasaMu 3 MOTJIAAY PO3TAIIyBAHHSA MeTAJiB y PALY aKTUBHOCTI.

1"" BucHoBKM
*-?

1. Yci meTanu, po3milleHi B €AVHUI PAA 33 3MEHLUEHHAM IX aKTUBHOCTI, yTBO-
plo0Tb pAd aKTUBHOCTI MeTaniB. 1o HbOro TakoX 3aHECEeHWUI BoAeHb fAK
peyYoBUHa, BiGHOCHO AKOI BM3HAYal0Tb aKTUBHICTb MeTaniB.

2. MerTanu, po3millleHi B pAdy akTUBHOCTI MiBOPYY Bif BOAHIO, BUTICHAIOTb
NOoro 3 KMCNoT. Ynm nigile po3milleHnin MeTasn, TUM aKTUBHiILle BiH BCTY-
na€ B peakuil.

3. MeTtanu MOXyTb BUTICHATM OfJMH OAHOTO i3 COMi: aKTUBHIWMWI MeTan 3a-
BXAW BUTICHAE MEHLI aKTUMBHUIA. [nA NpoBefeHHA TakMX peakLii i3 BoA-
HUMW PO3YMHAMWN COJNIEN HE MOXKHA BUKOPUCTOBYBATW MeTanu, PO3MilLeHi
B pAAY aKTMBHOCTI 1O MarHito, OCKifIbKM BOHW B3aEMOAIATUMYTb i3 BOAOIO,
a He 3 PO3YMHEHOI0 B Hil Cinto.
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Q KoHTponbHi 3annuTaHHA

4

1.

2.
3.

AKy iHdopmaLito MiCTUTb pAR akTUMBHOCTI MeTanie beketoBa? 3a AKMM
NPVHLMMNOM Yy HbOMY PO3MillieHi meTanun?

AKi MmeTanu BUTICHAKTb BOAEHD i3 KACNOT? HaBediTb npuknagu.

3a AKUM NPUHLMNOM HeobXigHO BifbMpaT! MeTanu A BUTICHEHHSA iHLWIMX
MeTaniB i3 PO34MHIB conen? i3 po3nnasiB OKCMAIB?

3aBAaHHA AnNA 3aCBOEHHA MaTepiany

10.

3a AKNX YMOB KUCNOTY pearyioTb: a) i3 meTanamu; 6) ocHoBamu; B) conamm?
Bignosigb nigTBEpAbTE PIBHAHHAMN peaKLUil.

3a AKUX YMOB COMi pearyioTb: a) i3 Kucnotamu; 6) metanamu; B) ocHoBamm?
Bignosigb nigTBEpAbTE PIBHAHHAMU peaKLUil.

LLIMaToukn MarHitlo Ta OnoBa MOMICTUIN B PO3UUH XJIOPUAHOI KUCIIOTU.
Y akomy BMNafKYy peakuisa BifbyBaeTbcA iHTEHCMBHIWe? CKNagiTh PiBHAH-
HA UUX peakuin.

Y po3unH Hikenb(ll) cynbdaTy 3aHypuny CBUHLEBY Ta 3asi3Hy MMacTUHM.
Y Akomy BMNagKy peakuis BigbyBaeTbcA? Bignosigb NOACHITD.

Yomy ana gobysaHHA Migi 3 po3unHy Kynpym(ll) cynbdaty He MoxHa BU-
KOPMCTOBYBATY HATPIN Ta Kanii, agxe BOHM aKTUBHILI 3a Miab? Y1 MOX-
NMBO X BUKOPUCTOBYBaTW ANA AobyBaHHA Mifi 3 po3nnasy Kynpym(ll)
okecmpay?

AKi peyoBMHM YTBOPIOIOTLCA B Pa3i B3aeMogil BOAW: @) 3 aKTUBHMMMN MeTa-
namu; 6) oKCMaamMM aKTUBHUX MeTasiYHUX e/IeMEeHTIB; B) OKCMJaMN Heme-
TaniyHMx enemeHTiB? HaBediTb npuknagw.

CKnagitb PiBHAHHA MOXNUBUX peaKLUil:

a) Mg+H,S0, — ...; €) FeSO,+5n — ..;
6) Fe+HBr — ...; *) AgNO;+Cu — ..;
B) Hg+HCl — ...; 3) NiCl,+Al — ...;
nLi+H,0— .., ) CusO,+Hg — ..;
a) Sn+H,0 — ...; i) Hg(NO,), +Cu — ...;
€) Ag+H,0 — ...; K) Hg(NO,), + Ag—

I3 AKMMK 3 HaBefleHMX pPeyoBUH B3aemopie cynbdatHa kucnota: NaNO,,
CO,, NaOH, AgNQ,, Zn, Ba, CaCO,, Cu(OH),, Zn(OH),, HCl, SiO,, Fe,0,, Hg?
Cknagitb piBHAHHA peakUin.

MicnAa 3aHypeHHA UMHKOBOI MnacTvHW B po3uuH Kynpym(ll) HiTpaTy Ha
nnacTuHi BUAinunaca migb macoto 3,2 r. O6uncnitTb mMacy LMHKY, WO pPo3-
UYNHMBCA B pe3ynbTaTi peakuii.

O6uncniTb Macy 050Ba, WO MOXHa f06yTn B3aemogieto cTaHym(ll) okcnay
3 anoMiHiem macoto 0,54 Kr.
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11.

12.

13.

14.

15.

16*

17%

18*%.

AKNIN 06'eM BOZHIO (H. Y.) BURINNTLCA, AKLWO LUMHK Macot 97,5 © MOBHICTIO
npopearye 3 XJIOPULHOI0 KNCNOTO?

flka KinbKicTb pevyoBMHM cynbdaTHOI KUCNOTW HeobxigHa AnA B3aemogii
3 MarHiem macoto 12 r? flka maca coni npu LboMy yTBOPUTbCA? AKNIA 06 ‘em
rasy (H.y.) Buginutbca?

AKy KiNbKiCTb peyoBMHM Mifli MOXXHa BUZINUTU 3 po3unHy Kynpym(ll) cynb-
dbaty, wo mictutb 32 r uiei coni?

Cymiw marHito macoto 6 T i 3aniza macoto 16,8 r 06pobuNN JOCTAaTHLOLO
KiNbKicTIo po3unHy cynb®aTHOI Kucnotu. Aknii 06'eM BoAHIO (H. y.) BMAi-
NNBCA B pe3ynbTaTi peakuii?

Y po3uuH apreHTym(l) HiTpaTy Macolo 85 T i3 MacoBow vacTkoto coni 2%
3aHYPWAN LUMHKOBY NAacTUHKY. O6UncniTe Mmacy cpibna, Wwo BUAINUTLCA Ha
NAACTUHLI MicnA 3aKiHYeHHA peakuii. O6YnCcniTh, AK 3MIHUTbCA Maca nnac-
TUHKM NOPIBHAHO 3 11 MOYaTKOBOIO Macolo.

3anponoHyiTe, AK 3a AOMOMOrO0 XiMIYHNX peaKkLit po3dinuT cymiw migi
Ta 3anisa.

fki 3 HaBeAeHNX peuyoBMH B3aEMOgIIOTL i3 Bogoto: Na, Ba, Fe, Fe,0,, H,SO,,
NaOH, Ca0, ZnO? Bignosigb niaTBepabTe PiBHAHHAMU peaKuin.

AnOMIHIN — JoCWTb aKTVBHWUIA MeTas, ane BUpobu 3 asntoMmiHilo 36epira-
I0TbCS HA MOBITPI 6€3 BUAUMUKX O3HAK NCYBaHHA. AKLO 3aunLleHnid BUPIO
3 anoMiHilo, HanNpuKIag NoXKy abo BMAeEsKY, Ha AesKWMA Yac MOMICTUTK
B PO3uvH MepKypii(ll) HiTpaTy, BiH NOKPMBAETLCA CPIGNACTUM HANbOTOM.
O6pobneHnii y Takuii cnoci6 Bupib y pasi 36epiraHHA Ha NOBITPI 3a AOCUTb
KOPOTKMI Yac NepeTBOPIOETbCA Ha CipUN NMOPOLLOK, cepel AKOro MOXHa
cnocTepiraty cpibnacTti Kynbku. MoAcHITb, YoMy MOXYTb BibyBaTUCA TaKi
3MiHW, 3 XiMiyHOI TOuKK 30py. CKNagiTh BiANOBIAHI PIBHAHHA peakLii.

§ 35. Coni: ¢i3nuHi BNacTMBOCTI, NOWMPEHICTb
Ta 3aCTOCyBaHHA

MpwurapanTe:
+ AK 3a dopmynot BiAPIZHUTM KUCnoTK (3a § 26);
+ BNIACTUBOCTI TBEPANX PEYOBUH i3 NOHHUMM KPUCTaNiYHUMKM FpaTkamu (3a § 21).

Di3nyHi

BMACTUBOCTI conien

Y comsax, 3aBAAKM IX CKJaay, iCHye HWOHHUH 3B A30K, a Bci coui
MalTh MOHHI KpucrandiuHi rparku. I came Tomy Bci coji 3a 3BHYAMHUX
YMOB € TBEPAUMHU KPUCTAJTIYHUMU PEUOBMHAMM 3 BUCOKUMU TeMIEpPaTy-
pamu nnaBiaeHHA (quB. HomaTor 1). Couri BigpisHAIOTHCS 32 POSUYMHHICTIO:
OnHI coJii moOpe PO3UMHHI y BOMi, iHIIII — MaiyKe He PO3UMHAIOTHCA.



§ 35. Coni: Gi3nyHi BNACTUBOCTI, NMOLWMPEHICTb Ta 3aCTOCYBaHHA

a 6 8
Man. 35.1. Coni: a — depym(ll) cynbdat (3anizHuin kynopoc) FeSO,;
6 — depym(lll) xnopup FeCly; 8 — kaniit xpomat K,CrO,

106 misHaTucA PO PO3UYMHHICTL Tiel um iHIITOI cOJIi, MOMKHA CKOpHUCTa-
THCS TAOJUIEI0 PO3UYMHHOCTI peuoBUH y Boxi (muB. ¢opsar 2).

3ajie;KHO BiJ CKJIagy, COJIi MOMKYTh OyTH Pi3HOro KoJabopy. Bararo
cojeli OesbapBHi, aje medAKi MarTh xXapakKTepHe sabapBienHsa. Hampwu-
kaax, cuoaykum Pepymy(Il) 3abapBieHi B Koabopu 3ejeHUX BiATIHKIB
(man. 35.1a), Pepymy(IIl) — xoBTUX ab6o uepBoHHX (Mana. 35.10),
a Xpomy(VI) — xoBTHX ab6o xoBTOorapadmx (Maa. 35.18).

Y coseit — 1OHHI KpucTadiuHi I'paTKu, TOMY BOHH He MAlOTh 3amaxy.
Ane pmeaxi coJii 3aBASKW IIEBHUM XiMIiUHUM peakIisiM iHOAI IMaXHYTb.
Tak, anxoMmiHili cynabdis mMae 3amax cipkoBogHIO (TigporeH cyabdimy),
a PO3UYMHM coJiell CcyJib(iTHOI KMCJIOTH MAITh XapaKTepHUI 3amax cip-
YUCTOTO Tasy.

Y [faBHi Yacy KYXOHHY Cinb yBaXkanu maike KowToBHicTio. Cnpasgi, 6e3
30/10Ta NPOXUTU MOXKHa, a 6e3 coni — Hi. Tomy B CtapogaBHbomMy Pumi
BBaXanu, WO Ciflb AOPOXKYa 3a 30/10TO. B aHTUYHI YacK HaBiTb NNaTHIO
BOIHaMm iHoAi JaBanu cinnto (CnoBo «conaat» (soldier) noxoanTb Bif NaTuH-
cbKux cniB sol dare — ToW, KOMy AaloTb Ciflb), @ YWNHOBHMKaM BuaaBanu
conboBuin mariok. CnpaBolo YKPaiHCbKMX YymaKiB Oynu BuOobyTOK Ta
TopriBnA cinnto.

- Ha3Ba «KafbLMHOBaHa cofa» BKa3y€e Ha Cnocib fobyBaHHA 6e3BOAHOMO
HaTpil KapbOHATYy MPOXKAPIOBAHHAM, WO 3 NaTUHWU NepeKNafacTbCsa AK
KanbLUuHaLis.

« Y cknagi nnactMacy ana getaneil KOHCTpyKTopa «Jlero» mictutbca 6apii
cynbdart. Xoua coni bapito gy»xe oTpyiHi, ane 6apiii cynbdat Malxe He-
PO3UMHHWIA Y BOAI, WO pOOUTb MOr0 HETOKCMYHUM A opraHi3my. Pasom
i3 UMM, oro gyxe gobpe BUAHO HA PEHTrEeHIBCbKUX 3HIMKAX, TOX, AKLIO
AWTVHa NPOKOBTHE AeTasb, i1 nerko 6yge 3HalTh 3a LUMK 3HIMKaMMU.



MNMowwnpeHicTtb y npupogi
Ta 3aCTOCyBaHHA conemn

Harpiit xaopug NaCl (KyxoHHA Cisiib) TpaNIAETHCSA
y BUIVIAAI MiHepaJsy TrajiTy, a TaKOXX MIiCTUTbCA
B IIPUPOAHUX COJOHUX BoJax. € CHUPOBUHOIO IJIA
TOoOyBaHHS XJIOPY, XJIOPUAHOI KHCJIOTH, HATPiM Ti-
OPOKCcUAY Ta mUTHOI comu. Hesamimuuii nnd mpu-
roTyBaHHA i»kKi. YKpaiHa Mae BeJqnue3Hi IOKJagu
HATPi#l XJIOpUAy, sSiKi BBa:KalOTh HEBUUEPIITHUMU.

Harpiit kap6onat Na,CO, (KanbIuHOBaHY COMY) 10-
OysaroTh i3 mpuponnoro minepary Na,CO4-10H,0
(kpucrainiumoi comgu). Coma € ed)eKTUBHUM 3aCO60M
IJIs YUINeHHA mocyay. Harpiii kapboHaT BUKOPUC-
TOBYIOTH [IJIsi BUTOTOBJIEHHS CKJIa, MIJIA, IPAJIbHUX
TIOPOIIKiB, eMaJieil TOIIO.

Kauniit kapoonar K,CO, (moraiur) BUKOPUCTOBYIOTH
nasa moOyBaHHA MiHepaJabHUX TOOPUB, BUTOTOB-
JIEHHA KPUIITAJII0 Ta ONTHUYHOTO CKJIA, IIPOTHUOKE-
JeIHUX CyMilneit oy 00poOKM 3JIiTHO-IIOCATKOBUX
CMyT.

Harpiii cynsgar Na,SO, - 10H,,0 (rnay6eposa cinb,
MipabiniT) — miHHWE peaKTuB IJs JabopaTopHOL
MPaKTUKN, BUKOPUCTOBYIOTH [IJA BUTOTOBJIECHHS
cKJia. Mae MPOHOCHY [if0, IO € XapaKTePHOIO IJIA
BCiX POBUMHHUX COJIeH CyJab(aTHOI KMCJIOTHU.

IIIupoxo 3aCTOCOBYIOTH COJIi HITPATHOI KHUCJIOTH —
Hirparu (cexitpu). Hirpatu Kaxiro KNO,, Harpiro
NaNO,; ra Kaasnmiro Ca(NO,), € crkiagoBumMu I0-
POXYy, IX BUKODPUCTOBYIOTH [Jf NOOYBAHHSA KUCHIO
B JiabopaTopii. ¥ CiIbChKOMY T'OCHOZAPCTBi 3aCTO-
COBYIOTH SIK a30THi Zo6puBa.

®epym(Il) cynnpin FeS y mpupozni Tpamnserbcsa
y BUTJIAAL MiHepaJsy Mapkasuty. B YKpaiHi B 3Hau-
HUX KiJIBKOCTAX TpamideTbca B KpuBopisbKoMy 3a-
JisopyaHoMy OaceiiHi. € IiHHOIO CUPOBUHOIO IJIs
noOyBaHHS 3ajisa @ cyJab(aTHOI KUCJIOTH.

Apcen(IIl) cynndin As,S, (aypumirment) — miH-
HUM MiHepaJ [Jisi BUTOTOBJIEHHS 30JI0TOI Ta YKOBTOI
dapb6, aAxi ocobauBo morrupeHi B ikonommci. Han-
3BUYANHO OTPYyHHUA. € CUPOBUHOIO I NOOYBaHHSA
apceny.




IIuuk cyasdix ZnS (muHKOBa 00MaHKa) € CHU-
POBUHOIO AJis HO0OyBaHHA IUHKY. 3i chasepu-
Ty BUTOTOBJAIOTH IIMHKOBI Oifmia, a Takox
¢apbu, 110 CBIiTATHCSA B TEMpPSABI.

Raumniit mepmanranar KMnO, (maprarmisxa)
BUKOPHUCTOBYIOThL AK JesiH@exIjifinuii 3acib
Ta AK 3aci0 4Jid TpOMUBAHHSA IIJIYHKa B pasi
orpyeHnHua. Kajili mepmMaHranat € Tako:K ITiH-
HUM PeaKTHUBOM y Ja0OpaTOpHiil HmpaxkTHILi.

Aprentym(I) mirpar AgNO, (namic) sgasHa
BUKOPUCTOBYBAJU [JiI BUTOTOBJIEHHS [3€p-
kajs. Comi ApreHTymy iHOAI BUKOPUCTOBYIOTH
I PO3TaHAHHA XMap abo, HABIIAKW, AJS BU-
KJINKAHHA JoIry. SIKImMo 3 JriTaka po3nuInTI
aprearym(I) #togux ab6o aprentym(I) Gpowmin,
TO BiH KOHJIEHCY€ BOJSAHY Hapy, IO BUIIALAE
Y BUTJISOL IOIIY.

ITomupenumu B mpuponi € coui Kaabiiito,
BOHU € CKJIQJOBOIO 0araThbox mopim i mime-
paiaie. Kaasuiit cyasdar y Burasai minepany
rincy BUKOPUCTOBYIOTH Y OyAiBHUIITBI AJA BU-
TOTOBJIEHHA Pi3HUX CyMiIIedl Ta B MeIUIIMHI
s ¢ikcarii 31aMaHUX KiHITIBOK.

Hatinmomupenima cins Kanbiito — 1me kap-
6onar CaCO,. Bim yrBOpIOE BamHAK, Kpeii-
Iy, a TaKOyX MiHepaJu KaJbIIUT i MapMmyp.
Micturhcs B IIKapaaymoi s€mnb, uepemnamnikax
MOJIIOCKiB Tomfo. BamHAK BUKODPUCTOBYIOTH
y OymiBHunTBi. Kpeiigy BUKOPUCTOBYIOTH IJIA
MOGiJIKM CTiH, BUTOTOBJIEHHS CKJIa, MOJAIOTH
y 3yOHY macTy.

ITomupenoto cimiaio Kympymy € migHmii Ky-
nopoc CuSO, - 5H,0. Horo BUKOPUCTOBYIOTH
y ciTbCchbKOMY TOCIOAAPCTBI [OJs1 GOPOTHOU
3 XBopoOaMu pocauH. € MIMPOKOBKUBAHUM
peaxTHuBOM y JabOpaTOpPHiM MPaKTHILi.

Ile omua cinp Kynpymy — wmaaaxir
(CuOH),CO; — e HaNiBKOIITOBHUI KaMiHb,
i3 AKOro BUPOOIAIOTH OaraTo I0BEJipHUX IpPes-
MeTiB: IKATyJIKW, BasduW, HAMHUCTA TOIIO.



TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

Z

BucHOBKM

1.

Coni — peyoBVHN NOHHOT 6yA0BK, 33 3BMYAHMX YMOB TBEPAi, NNaBAATbCA
3a BMCOKMX TemnepaTtyp. [eAki coni po3unHHi y Bodi. 3anexKHo Bif cknagy
BOHW MOXYTb MaTW pi3He 3abapBneHHs.

Coni — nowmpeHi cnonykn B npupogi (y nitocdepi Ta rigpocdepi) i wmpo-
KO 3aCTOCOBYIOTbCA B Pi3HMX rany3sx: y 6yaiBHULTBI, MeAnLHI, loBeNipHii
CnpaBi, y CiNlbCbKOMY rocnofapcTai sk MiHepanbHi JobpurBa Towwo.

KoHTponbHi 3anuTaHHsA

CxapakTtepu3yiiTe 3arasibHi Gi3nyHi BNacTMBOCTI conei.

Y YoMy nNpuYMHa BUCOKOI TemnepaTypu NnaBneHHA conemn?

[le B npupogi TpannaTbCca HaTPi KapOoHaT, KanbLili KapboHaT, KanbLii
cynbdat?

Po3kaxiTb Npo NpakTUyHe 3HaYeHHA Conell Ha KOHKPETHOMY NpUKNagi.
Yy MoXKHa BiAPi3HUTK CONi Bif iHWVX PEUYOBUH 3a 3anaxom abo cMakom?

3aBAaHHA ONA 3aCBOEHHA MaTepiany

1.

7%,

8%,

Cknagitb ¢opmynu conei: marHin 6pomia, Kanbuin Noaua, antoMiHin Hi-
Tpat, pepym(lll) cynbdart, kanbuin optodocdat, Kanii kapboHat, Kynpym(ll)
cunikat, mepkypin(ll) HiTpaT, Kynpym(l) dnyopna.

Cepepn HaBepeHux y [lopaTtky 1 conei BM3HauTe CORi: a) 3 HaMBULLOIO
TemnepaTypolo MnaBfieHHs; 6) HalHMXKYOK TemmepaTypolo MNNaBieHHs;
B) HaMBINbLIOK PO3UMHHICTIO Y BOAI; I) HAIMEHLLOK PO3UYMHHICTIO Y BOA,.

O6uncnite mMacu: a) 0,35 monb xpom(lll) cynbdaty; 6) 0,7 Monb Kanbuii
dnyopugy; B) 1,2 Mmonb MarHinn cunikaty; r) 0,55 monb natomoéym(ll) HiTpaTy.
O6uncniTb KinbKicTb peuoBuHY Kynpym(ll) cynbdaTy, Wo MiCTUTbCA B OrO
po3urHi Macot 120 r i3 MacoBo yacTkot coni 4 %.

DizionoriyHni Po3UYnH — Lie PO3UMH HaTPIN XNOPMAY 3 MacOBOI YaCTKOLO
coni 0,9%. O6uncniTb Macy HaTpil xnopugy, HeobXigHy ANA NPUroTyBaHHA
disionoriyHoro posurHy o6’emom 10 n (FycTVHY po3umHy BBaxatu 1 r/mn).
Y Bopi macow 532,8 r po3unMHUAN KanbLil XNOPWA KiNbKiCTIO peyoBUHN
0,2 monb. O6UMCNITb MACcOBY YacTKy PO3YMHEHOT PEYOBMHM B JOOYyTOMY
PO3UnHiI.

AIK BM BBaXa€Te, YOMY HaMOLWMPEHIWNMM CONAMU B 3€MHIN KOpi € cuni-
KaTu 1 KapboHaTn? AK X MOXHa BUKOpUCTOBYBaTW?

Y popaTkoBMX mxKepenax 3Hangitb iHGopMmauilo Mpo Hacnigku Ge3KOHT-
PONbHOrO MOTPAMAHHA conelr y FpyHTM abo BogonMmuwa (Ha npuknagi
6yab-AKOI coni, MPOo AKY MWNocs B Lbomy naparpadi).

BukoHariTe HaBuanbHi npoektu: N® 7 «HeopraHiyHi peyoBuHN — npepa-
CTaBHMKM OCHOBHUX KfaciB y OyAiBHMUTBI 1 nobyTi» Ta N2 8 «XiMiuHuMiA
CKNag i BUKOPWUCTaHHA MiHepaniB».



§ 36. XimiuHi BnacTuBocCTi conen

Mpurapante:

¢ AK BM3HAYNTN, YN PO3UYMNHAETLCA HeopraHqua pevyoBMHa (cinb, Kncnota abo ocHo-

Ba) y BOAi;

+ YMOBM nepebiry peakuii o6MiHy (3a § 31).

B3aemopia conen 3 ocHoBamu

Iz § 33 Bu BiKe misHasCAa TIPO B3a€EMOif0 JyriB i3 Kucaoramu. Pe-
aKIlid MijK COJAMU Ta OCHOBAMU € PeaKIlielo OOMiHy.

3BepHITH yBary:

* 1100 B3aeMOJisA MisK CiJIJIF0 Ta OCHOBOIO BiJIOBigaJsia yMoBaM Iiepe-
0iry peaxiiiii oOMiHy, OOUH i3 IPOAYKTiB Mae BUOAZaTH B OCal;

* OCKiJIbKM HEPO3UMHHI PEUOBUHHU HE MOXKYTh OyTH OZHOYACHO cCepen
peareHTiB i IPOAYKTiB, ¥ TaKi peakIlii MOXKYTb BCTyHATHU JIUIIIE POSUMHHI

COJIi 3 JyramMmu.
Omxe:

posunnHa cixs(l)+ayr — Hepo3uMHHMI Timpoxcuml + cian(2)

Taki peakiii uacTo BUKOPHUCTO-
BYIOTH [AJA OOOYBAHHSA HEPOSUMHHUX
Yy BOZi OCHOB.

Hampukian, mig yac B3aemoii pos-
ypnHiB Kynpym(Il) xmopuny Ta HaTpin
rirpokcuny Bunagae ocapn kKympyMm(II)
TiIPOKCUAY 3 XapaKTepHUM 3abapBJIeH-
HAM (Mau. 36.1):

CuCl,+ 2NaOH = Cu(OH), + 2NaCl

SAKIio mgomaTtu PO3UMH COJIL OO
HEPO3UMHHOI OCHOBU, HAIPUKJIAJ
depym(Il) rizpokcunmy, To Taka peak-
misg He BigOyBaTMMeETBHCA:

Fe(OH),+CuCl, # Cu(OH),+FeCl,

Man. 36.1. MNpo peakuito kynpym(ll)
Xnopuay Ta nyry CBifuuTb YTBOPEHHSA
cuHboro ocagy Kynpym(ll) rinpokcuay

Jlyru € CvnbHMMU OCHOBaMWM, @ HEPO3UMHHI FiAPOKCUAM — CabKMMU.
OTxe, peaKLia MiX Cinnto 1 0CHOBOIO BifOYBAETHCSA NMLLE B TOMY BUMAAKY,
AKLLO CUMbHILLa OCHOBA (Nyr) BUTICHAE cablly (Hepo3umnHHYy) i3 coni. OTxe,
Cinb i3 Iyrom B3aEMOAIATY MO>Ke, a Ciflb i3 HEPO3UMHHOK OCHOBOK — Hi.
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TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

B3aemopia conen i3 Kucnotamm

Is § 35 Bu BiKe misHaIMCS PO B3a-
eMozmito coseit i3 kucaoramu. Taki peakirii
€ peakIiaMu oOMiHY, OT:Ke, Y Pe3yJabTaTi
MalOTh YTBOPUTHUCA HOBi Cijib Ta KumcjoTa:

cine(1)+xucaora(l) —
— cian(2) +kucaora(2)

Sk Bu mam’Araere, peakiii Mixk cisrio

Ta KHUCJIOTOI0 MOYKJIMBI 3a YMOBH, AKIIO:
* BUIAJa€ ocam; Man. 36.2. YHacnigok 3nvBaHHA

- BUJIIAETHCA HECTifiKA Ul JIeTKa Kue-  0€30apBHUX po3umHiB aprenTym(l)
oTA HITPaTy Ta XMOPUAHOI KNCIOTK
) . YTBOPIOETbCA 0cag apreHTym(l)
Hampuknazx, y pasi Bzaemonii apren- xnopuy
TyMm(I) HiTpaTy 3 XJOPUIHOIO KUCJIOTOIO pe-
aKIlisg BifmOyBaeThCcA 3 YTBOPEHHAM 01JIOTO
cupHHCcTOTO ocany (maiu. 36.2):

AgNO,+HCl = AgCll +HNO,

Hecri#iki K1CJIOTH YTBOPIOIOTHCA B peakiliAX KUCJIOT i3 KapOoHaTaMu
abo cyabpiramu. Tak, y pasi gomasamus mo 06apiii cyabdiTy XJaopunm-
HOI KHCJIOTH CIIOCTEPiraeMo 3HUKHEHHS HEePO3UMHHOTro O6apiit cyabdirty,
OCKiJTbKM HOBa CiJib pO3UMHHA y BOAi. AJie yTBOpeHa CyabdiTHA KHUCIOTa
€ HeCTiliKOoI0, BOHA TOBiJIBHO PO3KJIAZA€TBLCs, IIPO IO CBIAYUTH ITOABA
samaxy cipumcroro rasy (cyabdyp(IV) okcunmy):

BaS0,| + 2HCI = BaCl, +S0,T+H,0

Peakuii mi>k gBoma conamm

JBi cojli TaKoXX MOMKYTh BCTYIIaTH B peakIlifo ogHa 3 omHOomo. Mix
HUMHI MOJKe BimOyBaTucsa peakilid oOMiHYy. 3BUUYaiiHO, AKIIIO B peakKIliio
BCTYIIAIOTh ABi COJIi, TPOAYKTAMHU pPeakKIlii TaKOK MaloTh OyTH IBi coJIi.

3BepHiTH yBary: B3a€MOis ABOX COJIEH MOJKJIMBA JIUIIIE B TOMY BHU-
HagKy, SKINO OOMIBI ITOYATKOBI coJii posumHHI y BoAi 1 xoua 0 oguH
i3 MPOAYKTiB peakIiii BUmajzae B ocaz, TOOTO cepel MPOAYKTIB omHA Cilb
Mae OyTU HEePOSUMHHOI ab0 MAJOPO3UYMHHOIO y BOi:

posumuHa cins(l) + pos3uuHHA Ccian(2) —
— HeposumHHA cian(3)l + cias(4)




§ 36. XimiuHi BNacTUBOCTI conen

Man. 36.3. YTBOpeHHA ocagy Manopo3unH- Man. 36.4. Bzaemogia Kanin nogugy
HOro KanbLiil ¢nyopuay npwv 3nmBaHHi po3- 3 nntoMobym(ll) HITpaToM 3 YTBOPEHHAM XOB-
UMHIB HaTpiii dnyopuay 3 KanbLiii XopugomM  To-3o70TUCTOoro ocagy nnomoéym(ll) noguay

Hanpukaazn, no0yTu MaJIOPO3UMHHHUN KaJbllili (yopus abo Hepos-
ypauani maomoym(Il) fogua MokHa 3a TaKMMH PIBHAHHAMHU peakrIliit
(mam. 36.3 Ta 36.4):

CaCl, + 2NaF = CaF,| + 2NaCl
Pb(NO,), + 2KI = PbL,| + 2KNO,

SArIio micaa 3MimryBaHHSA ABOX PO3UMHHUX COJIeH cepel IMPOAYKTIiB
peakIiii HeMae HepPO3UMHHOI COJIi, TO Taki peakiiii He BigOyBalOThbCs:

Na,S0, +2KNO, # 2NaNO,+K,SO,

[HOAi B peaKLilo MOXYTb BCTYMaTu PO34YMHHa Ciflb i3 HEPO3UMHHOW. Ane @
Lie MOXIIMBO, AKLLO YTBOPIETbCA Taka Ciflb, PO3UMHHICTb AKOI Le MeHLUa.
To6TO NOTPIGHO 3HATW YMCENbHI MOKA3HUKU PO3UYMHHOCTI peareHTiB Ta
NPoAyKTiB peakuil. Hanpuknag, Kanbui cynbpat — Manopo3urHHa Cifb,
a bGapin cynbdaT — HepO3UMHHA, OTXKE, MOXNBA peakLis:

CasSO, +BaCl, = BaSO, + CaCl,
Aprentym(l) xnopug i apreHtym(l) Mogmpa — HepPO3UYMHHI coni, ane
apreHtym(l) xnopugy B 1 n Bogn po3umHAeTbCA 1,9 mr, a apreHTym(l) mno-
anpy — nuwe 0,0024 mr. OTxe, apreHTyMm(l) oang MeHW PO3YMHHWIA, HiXK
apreHTym(l) xnopua, Tomy MoXNMBa peakuis:

AgCl+Nal = Agl+NacCl

ApreHTym xnopug Mae 6ine 3abapnieHHs, a apreHTym(l) nogmp — »o.-
TyBarte. [1po nepebir peakuii MoXKHa Ai3HATNCA 3a 3MIHOO KONbOPY ocagy,
ane yepes Te, WO pearyTb HEPO3UMHHI PEYOBUHW, Taki peakuii Bigody-
BalOTbCA HAATO MOBINbHO i 3MiH MalXe He MOMITHO.



TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

« HanpwukiHui XIX ctonitts B MNeTepbyp3bKilt akageMii HayK po3risganu npo-
NO3uLi0 WOAO HA3B PEYOBMH Ha KLWITANT TPAAULIMHUX ANA Hac iMmeH. Tak,
rigporeH xnopua (xnoposogeHb) HCI mpomnoHyBanu Ha3uBaTh «BOLEHb
XNOPOBUY», @ HaTpin cynbdat Na,SO, — «HaTPIN CIPKOBNY YOTUPUKICIIOB.

« [1nA 301104eHHsA KynoniB, AEPEBVHW, FiNCOBUX BUPOOIB iHOAI BUKOPUCTOBY-
Ba/IM Tak 3BaHe MyCMBHe 30/10TO. Ajle BOHO He MICTWUTb aHi rpama 30J0Ta.
Lle ctaHym(lV) cynbdig, i3 AKoro BurotoBnATb Gapby, Lo iMiTye MO30M0TY.

« Kpim 3BMYalHOro uUyKpy, XiMikam BiZOMWM Lie CBUHLEBUA LYyKOP, LO
€ nnombym(ll) auetatom Pb(CH,COO),. Ha Burnap BiH Ayxe CXOXWiA Ha
3BUYANHUI LIYKOP, TaKOX CONOAKWN i Aobpe PO3UMHAETHCA y BOAi, ane
Haf3BMYaNHO OTPYMHUN.

« BukopucTaHHs rincy ana ¢ikcauii 3namaHmx KiHUIBOK yneplue y CBITOBIl
MeAVLUMHI 3anpoMOHyBaB Hall CMiBBITYM3HUK, ypomKeHelb BiHHWYUYMHYK
(c. BuwHA, HMHI c. Tlnporose), 3aCHOBHUK BiNCbKOBO-MONbOBOI Xipyprii
Mwkona IBaHoBWY lMnporos.

JNIABOPATOPHUI JOCNIA Ne 5

B3aemopia conen i3 nyramun y BoAHOMY pO3UuHi @

O61a0HaHHA: TIITATUB i3 TpOOipKamMu, MilleTKH.

Peaxmueu: posunnu KyupyMm(II) cyasdary, dpepym(Il) cynspary,
depym(IIl) xnopuny, maurau(Il) cyasdary, xpom(IIl) xmopuny,
HaATPil rigzpokcuLy.

| Ipasuna Gesmexu:
® - 11 yac BUKOHAHHS AOCJi[iB BUKOPUCTOBYHTE HEeBeJUKiI KiJIbKOCTL
PeaKTUuBiB;
+ ocTepiraiiTecs MOTPAIIAHHA PEaKTUBIB HA ONAT, MIKipy, B 0Ui; y pasi
OOTPAIJIAHHA JYTI'y MOTO CJIil HeraitHoO 3MUTHU BEJUKOI KiJIBKiCTIO
BOIU Ta IIPOTEPTHU Miclie Po30aBJIEHUM PO3UMHOM OOpaTHOI KUCJIOTH.

1. ¥V o’arb upobipok maguiite mo 1-2 mu posunuiB xyupym(Il) cyin-

dary, dpepym(II) cynbdpary, dpepym(Ill) xmopuny, maurau(Il) cyandary Ta
xpom(III) xmopuny.

2. Jlo KOKHOI MPOOIpKM KpamJmHaAMU JofaBaiiTe Po3uuH Jayry. SAKi
3MiHM BU croctepiraere?

3. 3anumiiTh piBHAHHA PeaKIliii Ta BKayKiTh KOJip YTBOPEHUX OCalIiB.

4. Y BucHOBKY c(OpPMYyJIONTE yMOBH B3aeMoAil coJeit i3 gyramm
Yy BOOHOMY PO3YMHI.



§ 36. XimiuHi BNacTUBOCTI conen

NIABOPATOPHWUI BOCNIA N 6

Peakuia o6miHy MiX conamu B pO3uuHi @

O6na0HaHHA: MITATUB i3 IPOOipKaMu.
Peaxmusu: po3unHu HATPiil KapOoHATY, KAJbIill XJOPHUAY, HATPii
cyabdary, Kajaii HiTpary.
| lpaBuna Gesmexu:
® . IIig yac BUKOHAHHS OOCJiiB BUKOPUCTOBYHTEe HEBEeJIMKi KiJIbKOCTIi
peaxTuBiB;
s ocTepiraiiTecsa IOTPAIJITHHS PeaKTHUBIB Ha OOAr, IIKipy, B Oui;
Yy pasi moTpanJisHHA PEaKTUBIiB IX CJiJf HETaWHO 3MUTH BEJIMKOIO
KiJbKicTiO BOAM.

1. V Tpu mpolbipku HaauiTe Mo 1—2 MJI PO3UMHY KaJbIiA XJIOPHUIY.

2. HMomaiiTe mo 1-2 mu: y mepiiny mIpobipKy — po3YmHY HaATpiil Kap-
Oomary, y Ipyry — HaTpiil cyabpary, y Tperio — Kajiit miTpary. o
cmocrepiraere?

3. CkJazmitTh piBHAHHSA THUX pPeakIliil, mio BigmOyBamTbCH.

4. Y BHUCHOBKY C(POPMYJIIOIiTe YMOBH, 3a IKUX BiZIOyBarOThbCSa pearirii
OOMiHY MiXX COJIAMMN y BOAHUX PO3UMHAX.

”
& BUCHOBKM
-
1.  Peakuii 06MiHy MiX CONAMM Ta OCHOBAMMN MOXJIMBI 3@ YMOBM, WO B3aEMO-
Jil0Tb PO3UMHHA Cinb i3 IyroM (PO3YMHHOIO OCHOBOID), @ NPOAYKTamMu pe-
aKLiT € HePO3UMHHMI TigpoKCnA Ta iHWa Cinb.
2. Y peaKuilo 3 KACIOTaM/ MOXYTb BCTYNaTu AK PO3UYMHHI, TaK i HEPO3UMHHI
coni. Y pe3ynbraTi MaloTb YTBOPUTUCA NIeTKa UM HeCTillKa KucoTa abo He-
PO34YMHHa Cinb.
3. Y peakuifax o6MiHy MiX fBOMa COnAMK MaloTb YTBOPUTUCA ABi HOBI CONi.
Peakuin BifgbyBaeTbcA, AKLO 06MABa peareHT PO34YnHHI, a cepef NpPoayK-
TiB peakLii ogHa i3 conen Hepo3YMHHa Y BOAI.

9 KOHTpONbHI 3anuTaHHA

1. PevyoBMHM AKMX KnaciB CMONyK YTBOPIIOTbCA Mif Yac B3aeMOAii: a) coni
3 KMCN0TOI0; 6) CONi 3 OCHOBOID; B) ABOX cosein?

2. CdopmynioiiTe yMOBU, 3a AKMX MOXKIMBI peaKLii 06MiHY Yy BOOHMX pO3um-
Hax: a) Mi>K Cillo Ta KMCNOTOM; 6) MiX Cifllo Ta OCHOBOIO; B) Mi>k ABOMaA
conamn. HaeegiTb Npuknagn peakuiin.

3. Aki Kucnotn € HecTinknmn? HaediTb PIBHAHHA peakLin iX po3knaay.



TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

3aBAaHHA ONA 3aCBOEHHA MaTtepian
. 3aepanns p piany

1.

10.

11.

12.

13.

flka peyoBMHa BUMNage B OCaf, AKWO 3MillaT PO3YMHM KanbLin HiTpaTy
" cynbdatHoi Kucnotn? Cknagitb piBHAHHA peakuii. Y1 MoXKHa ouikyBaTu
BMMNafjaHHA ocajy, AKWO 3amicTb CynbdaTHOI KUCIOTK B3ATU XNOPULHY?
cynbdiTHy?

Cknapitb piBHAHHA peakuii fOOyBaHHA BYIMNEKWCNOrO rasy 3 Mapmypy
(KanbLiii KapboHaTy) B3aEMOZi€EI0 3 BPOMIgHOID KNCSIOTOIO.

Ak pobyTn 3 Gapin xnopuay: a) 6apii kapboHat; 6) apreHTym(l) xnopng?
Cknagitb piBHAHHA peakuin.

Y pasi 3nMBaHHA AKX PO34YMHIB YTBOPATbCA ocaau: a) Kynpym(ll) rigpokcuay;
6) nnombym(ll) cynbdaty; B) KanbLiin kapboHaTy? CKnagiTb PIBHAHHA peaKLii.
Y npobipKax MICTATbCA PeUYOBMHU: MarHin OKCug, Kanin xnopug, 3aniso,
nnomoym(ll) Hitpat, Kynpym(ll) cynbdat, cynbdatHa Kucnota, depym(ll)
rippokcna, cynbodyp(VI) okcna. 13 AKUMKM 3 PEYOBUH B3AEMOAIATUMYTb:
a) xyopugHa Kucnota; 6) Kanin rigpokcmg; B) apreHtym(l) HiTpaT; r) 6apin
HiTpaT? CKNagiTh PIBHAHHA peakLin.

Bu3HauTe, AKi 3 peUoBMH B3aEMOLIATMMYTb MiXK COO0I0: KanbLii rigpokcng,
xnopugHa kncnota, cynbdyp(lV) okcma, Boga, kynpym(ll) okcua. Cknagite
PIBHAHHA peakuin.

3anuwitb PIBHAHHA peakLiil, AKi MOXyTb BiabyBaTucA. MoAcHITb, YoMy fe-
AKi peakuii He BinbyBalTbCA:

a) Cu+ZnSO, — .. r) NaBr+AgNO; — ...;
6) CaCO,+NaOH — ...; a) CaCo;+HC — ..;
B) Zn+CuSO, — ..; e) BaSO,+KNO; — ...

CKnapitTb PIBHAHHA peakLil 06MiHy i BKaXiTb MpuumMHy, 3a AKoi Bigbysa-
€TbCA KOXHa 3 HUX:

a) Ca0+HNO; — .. €) KOH+50, — ...;

6) Na,SO,+H,50, — ...; €) Na,S+CuCl, — ..;

B) KOH+HCl — ..; X) CuSO,+Ba(OH), — ...;
r) Fe(OH); +HNO; — .. 3) Na,SiO; +HNO, — ...;
A) K,SO,+Cacl, — .. 1) Ca(OH), +K,CO; — ...

I3 AKnMK 3 HaBepeHux peyoBuH B3aemopie Kynpym(ll) xnopug: NaOH,
H,SO,, AgNO;, Fe,0,, CO,, Zn, NaCl, Cu? Cknagitb piBHAHHA peakLi.
CknagitTb piBHAHHA peakuil, Wo BiANOBIAaI0Tb TaKNM NepeTBOPEHHAM:

a) BaO — BaCl, — BaSO,;

6) Ca — Ca(OH), — CaCO, — Ca0 — CaCl, — CaCO;;

B) CuO — CuSO, — Cu(OH), — CuO — Cudl,.

be3BogHy HiTpaTHY KWCNOTY B nabopaTtopii 4obyBaloTb Ai€l0 Ha KaniiHy
ceniTpy (Kanii HiTpaT) KOHLEHTPOBaHOW cynbdaTHOW KuncnoToto. CKnagith
PiBHAHHA peakuil. K BM BBaXa€Te, YOMY LA peakuia mMoxnuea?
O6uncniTb Macy ocafy, WO YTBOPKETbCA BHACNIAOK B3aeEMOAIT HaTpin
cynbdaty 3 6apin xnopmuaom Macoto 41,6 T.

O6uncnitb 06'em Byrnekuciioro rasy (H. y.), WO BUAINAETbCA BHACNIAOK
B3aEMOZIiT MarHin kKapboHaTy mMacoto 126 T i3 XNOpPULHOK KUCIOTOlO.



§ 37. Am¢oTepHi okcuaun M rigpokcnan

Mpurapante:
« XiMiUHi enemeHTH, Wo YyTBOPIOIOTL aMPOTEpHi pevoBUHK (3a § 26);
« AK BiHOCATbCA amdOTepHi OKCMAW Ta MigpPOKCUAM OO BOAM Ta KUCIOT (3a § 28 Ta 33).

MoHATTA Npo amdoTEPHICTb

Bu BiKe BUBUMJIM CIIOJNIYKH, IO BUABJSIOTH KHCJIOTHI a00 OCHOBHI
BiaacTuUBOCTi. [[JIs HesAKMX CIOJNYK XapaKTepHi i KMcaoTHi, i ocu6BHI Biac-
TuBOCTi. KHCa0THI BiIacTUBOCTI BUABIAIOTH IIEPEBAKHO CIIOJYKU HeMeTa-
JIYHUX eJIeMeHTiB, a OCHOBHI — MeTaJIiuHUX eJleMeHTiB. SIKIO eseMeHT
mepe0yBae Ha MeKi MiK MeTaJiYHMMN Ta HEeMETAJIIUHUMU eJIeMeHTaMu,
TO ITIJIKOM OYiKyBAaHO, IO HOTO CIIOJYKH MAIOTh BUABJIATH BJIACTUBOCTI,
XapaKTepHi gK O KUCJIOTHUX, TaK 1 A ocHOBHUX peuoBuH. Taki cmo-
JYKW Ha3WBaIlOTh aM(OTEePHUMMU.

.\ PeyoBMHN, WO MOXYTb BUABAATA KUCIIOTHI 1 OCHOBHI BNAcTUBOCTI 3aN€XKHO
¢ ~@® BiZl CNOJNYKN, 3 AKOIO BOHW B3aEMOiIOTb, Ha3UBaTb aMPpOTEPHUMMU.

AmdoTrepHi BIAaCTUBOCTI MOYKYTh BUABJIATU OKCUAU U TiAPOKCUIN
ITeaknx Ximiunumx esemeHTiB i3 BamentHoctamu II, III Tta IV. Cepen
aux Bepuniii(Il), Huuk(Il), Cramym(Il), ILaromoym(II), Asmtominii(III),
Depym(IIl), Xpom(IIl), Turau(IV).

AmboTepHi rigpokcnan

ITIig uac B3aemopii 3 Kucjaoramu amM(POTEePHi TMiAPOKCUAN TOBOAATHCA,
AK 3BUYAMHI Hepo3umHHI ocHOBU. To0TO mpoayKTamMmu peakiiii amdorep-
HOT'O TiZpOKCHUIYy 3 KHCJIOTOIO € CiJib i Boma:
Zn(OH), + 2HCI = ZnCl, + 2H,0
Ilix yac B3aemopmii 3 iHMIMMH OCHOBAMH aM@OTEPHi TiAPOKCUIN BU-
SABJSIOTH KUCJOTHI BiiacTuBocTi. ToOTO 3 ocHOBaMu aM(pOTEPHI TiAPOKCUI
pearyioTb, AK KHCJOTH: BCTYIIAIOTh y PeaKI[il0 3 YTBOPEHHAM coJi. Aje
CKJIaJ COJIi 3aJIeXKUTh BiJl YMOB, 3a IKMX BiJOYBAeThCS B3aEMOIisdA: Y PO3-
YMHI UM 3a CILIABJISTHHA.
Y posumHax aM(pOTepHi TiApoKCHUAN B3aE€EMOIIIOTH JUIIE 3 JIyraMu
3 YTBOPEHHAM CKJIAAHUX (KOMILJIEKCHUX) COJIEH.
Hanpuraan, mMuHK TiAPOKCHUI i3 HATPifl TiApOKCHIOM pearye 3a piB-
HAHHSIM:
Zn(OH),+2NaOH = Na,Zn(OH),

HaTpin TeTparigpoKcoLuHKaT
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Ax gns 3BUUYaAHUX coJiell, Ha3Ba KOMILJIEKCHOI COJIi CKJIaZaeTbCs
3 OBOX cJiB. AJje ciig ykasatu KijgbkicTs rpyn OH y ckiaanmi couri: mpe-
(dikc mempa- o3Hauae, IO TiIAPOKCUJIBHUX TPYIl YOTHUPHU, a mpedikcom
2eKca- To3HAYAOTh mIicTh rpyn OH, Hampukan:

Na,Zn(OH), K,Al(OH),

HaTpiN TeTparigpoKCOUMHKAT Kanin rekcarigpokcoantomiHat

ITomiOoHO MO MUHK TiAPOKCHUIY pearye 3 JyramMu i aJIOMiHi# Tigpok-
cun. AJjle 3aJIe;KHO BiJ KOHIIEHTpAIil JIyTry 3 aJOMiHIA rizpokcuny Moske
YTBOPUTHUCA TeTparifpokcoandoMminaT (i3 pos30aBJIeHUM PO3UYMHOM JIYTY)
abo rekcarifgpokcoansoMiHaT (i3 KOHIIEHTPOBAHUM PO3UMHOM):

A1(OH), + NaOH = NaAl(OH),
Al(OH), +3NaOH = Na,Al(OH),

3a cmaaBagHHA aM@OTEePHI TiAPOKCHUIM MOKYTh B3aEMOIIATH He
JUIle 3 JyraMu, a ¥ i3 Hepo3UMHHUMHU Tigpokcugamu. IIpm mbomy Ta-
KOXX YTBODIOIOTBCS COJIi, aje 3 OiJbIIl 3BUYHUM CKJIALOM:

Zn(OH), + Mg(OH), = MgZnO, + 2H,0
MarHin UuHkKaT

SK i B po3umHax, 3 aJOMiHIi#l TiAPOKCHUAY MOKYTh YTBOPUTHCS OBi
pisHi coui 3aJeKHO BiJ KiJBKOCTiI JTOJaHOTO JYIY:

Al(OH), +3NaOH = Na,AlO,+3H,0

HaTpi opToantomiHaT

Al(OH),+NaOH < NaAlO,+2H,0

HaTpi MeTaantoMiHaT

3a ciraBaAHHA aM(POTEePHI TiAPOKCUIN MOXKYTh B3a€MOLISATH TAKOMK
i 3 OCHOBHUMHU OKCHUIAMIU:

Zn(OH),+Ca0 = CaZnO,+H,0
2A1(OH), +3Na,0 = 2Na,AlO,+3H,0

2A1(0OH), + Na,0 = 2NaAlO, +3H,0



§ 37. AmdoTepHi okcuau i rigpokcman

A6K NpaBUNbHO 3anmMcaT PIBHAHHA peakuii 3a yyacTio amdpoTepHuX ri-
LPOKCMAIB 3a CNaBnAHHA, ampOTepHI rigpoKcMan HeobXigHO po3rnagaTi
AK Kucnotu. Tak, popmyny UMHK rigpokcmay Zn(OH), moxHa 3anucatu, Ak
dopmyny kucnotm H,ZnO,. Taky KMCIoTy Manm 6 Ha3BaTM «LMHKaTHa»,

BOHA Ma€ KUCIOTHUM 3anuMwok Zn0, i3 BaneHTHictio Il, 11 coni — uuH-
Katu. Tak camo Gopmyny aniomiHin rigpokcuay moxHa 3anmcatn H;AIO;:
KucnotHui 3anmwok AlO; i3 BaneHTHicTio Ill, coni — opToantomiHaTy.

AKIWO 3 anoMiHin rigpokcngy npubpaT ofHy Monekyny Bogw, To ¢op-
myna kucnotu 6yne HAIO,: kucnotHuin 3anuwok AlO, i3 BaneHTHICTIO |,
a coni — MeTaanioMiHaTu.

AmboTepHi okcnam

I3 kmcaoramu am@oTEepPHI OKCUIAYU B3a€EMOLIIOTEH, AK 3BUYANHI OCHOBHI
OKCHIN: MijK HUMU BiJOyBalOTHCA peakilii o0MiHy, y AKUX YTBOPIOIOTHCA
cimn Ta BOgma:

Zn0O+H,SO, =ZnSO,+H,0

Y pasi B3aemopii 3 OCHOBHHUMHM pPeYOBMHAMH BOHU BCTYIAalOTh y pe-
akmii, A KuciaoTHi okcugu. ToOTO B3aEMOAIIOTHL 3 OCHOBHUMHU OKCHUAAMU
1 ocHOBaMH 3 YTBOPEHHSM coJieii. Ayie am@oTepHi OKCHUAM B3aEMOIiIOTH
3 OCHOBAMHU I OCHOBHUMH! OKCHUAAMHU JHINE 3a CILUIaBIAHHA (0e3 yuacTi
BOJM) i YyTBOPIOIOTH Taki cami coJii, gk i am@oTepHi rizpoxkcumau.

VY pasi cmmaBasSHHA MUHK OKCHUAY 3 HATPiil rigpokcumom abo HaTpii
OKCHJIOM YTBOPIOETHCS HATPill IIMHKAT, ajie B IEPIIOMY BUIAAKY yTBO-
PIOETHCA IITe I Boja:

7Zn0+2NaOH = Na,Zn0,+H,0

Zn0+Na,0 = Na,ZnO,

AmdoTepHi OKCcUAM Ta IXHi CIIOJYKH JOCUTL HOMIIMPEHi B IIPUPO/II.
AnoMmiHaTH € CKJIAamoBUMHU 6araThboxX I'PYHTIB Ta TJIMHU.

Heaki XiMiuHi enemMeHTN BUABAAIOTb 3MiHHY BaneHTHICTb, MPUYOMY Brac-
TMBOCTI CMONYK i3 PI3HUMW BaNIEHTHOCTAMM MOXKYTb ICTOTHO BipIi3HATUCA.
Tak, depym(ll) okeng FeO — ue ocHOBHUM okecng, a depym(lll) okeng
Fe,0, — amdoTepHnin. OTKe, BOHU MOXYTb B3aEMOZIATA OAMH 3 OAHUM
3a CMNaBAAHHA, AO TOrO X YTBOPEHWIN NPOAYKT TaKOX CKNaJa€TbCA 3 aTo-
mis Oepymy n OkcureHy — Fe;0,. Lo cnonyky HasvBalTb 3MiaHUM
oKkcmaom (abo 3ani3HOK OXKapUHOI), XO0UYa BOHA € CiNflio, WO CKIAJA€eTbCA
3 meTaniyHoro enemeHta Qepymy(ll) Ta KNCNOTHOrO 3anuwKy depaTHoi
kucnotu Fe(FeO,),.

=)

=
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o
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BucHOBKM

AmdOTepHiCTb — 3[aTHICTb XIMIUHUX CMOMYK BUABNATU AK KUCIOTHI,
Tak i OCHOBHi BNAcTMBOCTI 3aNeXHO Bif MPUPOAN [OJAHOrO pearex-
Ty. [lo amdpoTepHUX HanexaTb OKCUAMN W TiJPOKCUMAN LEAKUX eNeMeHTIB:
Bepunito(ll), Luuky(ll), Cranymy(ll), Mnromoymy(ll), Antominito(lll), ®epymy(lll),
Xpomy(lll), Tutany(1V).

AmbOTepHI rigpoKcaN B po3umnHax B3aEMOZIIOTb NNLLE 3 lyramy 3 YTBOPEH-
HAM CoOfel, WO MICTATb MAPOKCUIIbHI FPpynn. 3a CrNaBAAHHA BOHU MOXYTb
TaKOX B3aEMOAIATA 3 OCHOBHMMM OKcvMaamu Ta rigpokcugamu. AmdoTep-
Hi OKCMAM B3aEMOLiOTb 3 OCHOBHVMMM PEYOBMHAMW NULIE 3a CMJIABMAHHA.

KoHTponbHi 3anuTaHHsA

1.
2.
3.

Lo o3Hauae BMpa3 «cnonyka BuABNAE amdpoTepHi BNaCTUBOCTI»?

Aki cnonykn € amdoTepHumn? Hasepite npuknagu.

AKi XiMiUHi eneMeHTV Ta B AKNX BaNeHTHOCTAX MOXKYTb yTBOPIOBaT/ aMdpo-
TepHi peyoBnHU?

3aBAaHHA ONA 3aCBOEHHA MaTepiany

1.

2.

CknagiTb pPiBHAHHA peaKLuil B3aEMOAIT LMHK TigpoKCcMAay 3 Kanin rigpokcu-
AOM y PO34MHI Ta 3a cnnaBfiAHHA. Ha3BiTb NPOAYKTY peakLil.

CknapgiTb piBHAHHA peakuil B3aemMofil antoMiHin rigpokcnay:

a) i3 XIOPUAHOK KMNCNOTOLD;

6) 6apili rigpoKCMAOM 3a CNNaBNAHHS;

B) 6apiii oKcugom.

Cknagitb PiBHAHHA peakuiil yTBOPeHHA Kanin opToantomiHaty K AIO,; B3a-
EMOfi€to:

a) ampoTepHoOro rigpokcuay 3 nyrom;

6) amdoTepHOro okcuay 3 nyrom;

B) aMPpOTepHOro rigpokcuay 3 oCHOBHMM OKCUAOM;

r) ABOX OKCUAIB.

Kanbuin okcug i antoMiHin okcup 3a 30BHIWUHIM BUMMAAOM MalXe ofHa-
KOBI. fIK iX MOXHa PO3pPi3HNTI, BUKOPUCTOBYIOUN XiMiUHI peakuii?

AKi 3 HaBepeHux peyoBuH — KOH, FeCI3, H,S0, — MOXyTb B3aemogiaTu:
a) 3 Hatpin rigpokcugom; 6) kynpym(ll) rigpokcmaom; B) LUHK FigpoKcu-
gom? Cknagitb BiANOBiAHI PIBHAHHA peaKLUil.

I3 AKNMK 3 HaBeAEeHNX PeYOBMH B3aeMogie HaTpin rigpokcna: K,0, MgCo,,
H,PO,, H,S, FeCl,, Fe(OH),, AICI,, Zn(OH),, KCI, SO,? CknafiTb piBHAHHA pe-
aKLUiln Ta Ha3BiTb NPOAYKTY peaKLil.

Cknapgitb piBHAHHA peakuil, Wo BiANOBiAal0Tb TaKNM NepPeTBOPEHHAM:

a) Al = ALL,O; — AICl; — AI(OH), — Na,AlO,;

6) ZnSO, — Zn(OH), — ZnO — K,Zn0, — ZnCl, — Zn(OH), — K,Zn(OH),.
O6uncniTb macy 6apin rigpokcuay, Wo HeobxigHU Ana fobyBaHHA Gapil
LUMHKaTy Macot 11,7 i3 UMHK okcugy.



§ 38. Cnocobu [obyBaHHA OKCMAiB

9. [o po3umHy umHK cynbdaTy macoto 483 r i3 MacoBow yacTKowo coni 5%
[OJann PO34YrH HaTpii rigpoKcuay [0 MOBHOrO PO3uYMHeHHA ocagy. O6-
YyncniTb Macy cnonyku LnHky.

10%. Y ponatkoBuMX xKepenax 3Hangitb iHbopmaLilo Npo BMKOPUCTAHHA Cro-
NyK ANIOMiHIO ANA OUMLIEeHHA BOAM. Ha AKMX BRAacTUBOCTAX LMX CMONYK
IPYHTYETbCA 3a3HAUYEHWI Cnoci6?

§ 38. Cnoco6m fob6yBaHHA OKCMAiIB

Mpurapante:

+ MPOCTUMW PEYOBMHAMMN Ha3UBAKTb PEYOBMHU, LIO CKNAAATbCA 3 aTOMIB e
OAHOro XiMiYHOro enemeHTa, CKNAaAHNUMN — PEYOBUHMU, WO CKIaJaloTbCA 3 aTOMIB
0EeKINbKOX enemeHTiB;

- Knacudikadito okcugis (3a § 26).

[lobyBaHHA OKCUAIB FOPIHHAM NPOCTUX PEYOBUH

Oxcugu — 1e OiHapHi cmonyku 3 OKCHUTeHOM, TOMY HANMITPOCTiIINMiA
croci6 mo0yBaHHS OKCHUAIB — IIe B3A€EMOid MPOCTUX PEUYOBUH i3 KMCHEM:
S+0,=80,

2Mg+0, = 2MgO0

Maiike BCi IpocTi peuoOBHMHI BCTYHAIOTh ¥ XiMiUHY peakIliio 3 KHCHeM
(okucH0O0OTHCA). Barato 3 HMX pearyioTh i3 KHCHEM JOCUTHL OypPXJWBO
HaBiTH y TOBiTPi, i3 BUAIJIEHHAM BeJIMKOI KiJBKOCTi TemjaoTwM U CBiTJAa,
T06TO TOPATH (Masm. 38.1).

BinpmricTs MerasiB B3aeMOAilOTh i3 KucHeM moBiabHO. Hampurian,
MiZb, 3a/1id0 abo0 PTYTh HEOOXiAHO IpPOoKapioBaTU HA TOBITPi TpUBaIWM
yac, 1100 BOHM MOBHICTIO IpopearyBajiu. I3 TaKMMU MeTaJaMHU peaxilis
BimOyBaeThcsa HabaraTo IMIBHUAIIE,
AKIO 11 3milficHIOBaTH He Ha IIO-
BiTpi, a BUKOPUCTOBYBATU UMNCTHUN
KUCEHb:

2Cu+0, = 2Cu0

t

4Fe+30, = 2Fe, 04

2Hg+0, = 2HgO

HeAarki mpocTi peuyoBMHU B3ara-
Jgi He pearyoTh i3 kucHeMm. Cepef

Man. 38.1. Tlig yac ropiHHA marHiesoi

i CTPIYKN YTBOPIOETbCA MarHin okcmg
MeTaJIlB — IIe IJIaTHuHa Ta 30JI0TO, i BENUKa KinbKicTb CBITNa
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Mepkypin(ll) okcng,

HgO
' Kuncenb
( Bunapwu pigkoi
/ pTyTi

Man. 38.2. Mig yac npoxaptoBaHHA MepKypin(ll) okcug
PO3KNafaETbCA Ha KMUCEHb | PTYTb

a cepen HeMeTaJaiB — iHepTHi rasu (HeOH, aproH TOIIO) Ta TraJIOTeHU
(xs0p, Opom, iox).

SKmIo mpocTa peuoBMHA BKpall IIOBIILHO pearye 3 KucHeM abo He
B3aEMO/JIi€e 30BCiM, TO BiAIOBiMHI OKCUIM My Ke JIETKO PO3KJIAMAIOTHCA IIif
yac HarpiBamusa (maa. 38.2):

2HgO = 2Hg+0,1

2Ag,0 = 4Ag+0,T

HalaKTuBHiWi MeTanu, Taki siK HaTPin abo Kanil, HaCTiNbKXW akKTUBHO B3a-
EMOJIIOTb i3 KMCHEM, WO 3a3BUYail yTBOPKOKTb HE OKCMAMW, @ NEePOKCMAN
abo HagnepokcMau:

2Na+0, = Na,O, (HaTpin nepokcmp)
K+0, =KO, (kaniin Hagnepokcug)

[obyBaHHA OKCMAIB FOPIHHAM CKNafHWUX PEeYOBMH

OKcuau MOXKHA TaKOK JOOYTU B3a€MO/II€I0 CKJIATHUX PEUYOBHH i3 KHC-
HeM. 3HAYHA KiJBbKIiCThb CKJAQAHUX PEYOBUH MOKe TOpiTH B KHUCHI Ha
nosiTpi. Hanpurmazn, ynacaigok ropinasa merany CH, yrBopioroThes aBa
okcuamu: Kapoou(IV) oxcupg i rigzporen oxcum:

CH, +20, = CO,+2H,0



§ 38. Cnocobu fobyBaHHA OKCUAIB

Tigporen cynbdin (cipkoBogens) H,S sropse B KHUCHI TaKOX 3 yTBO-
peHHAM nBOX okcumiB: cyiab®yp(IV) okcumy Ta rigporeH oxkcumpy:

2H,S+ 30, = 250, +2H,0
I MPOMUCJIOBOCTI BeJIMKE 3HAUEHHSA MAIOTh PEaKIlil 3TOPAHHSA CYJIb-
GimiB MeTaiYHUX €JIeMEHTiB, OCKiJIbKH B IIMX BUIAAKaX YTBOPIOIOTHCS
nBa miHHi okcuau — cyabdyp(IV) okcua, 1[0 BUKOPUCTOBYIOTH IJIS [I0-
OyBaHHS CyJab(paTHOI KMCJIOTH, TA OKCUAM MEeTAJiUHNX eJIeMeHTIiB, i3 AKuX
moTiM J00yBalOTh METAJIN:

4FeS+ 70, = 2Fe,0,+4S0,T

2PbS+ 30, = 2Pb0 + 280, T

EnemenTn 3i 3MiHHOIO BaJIEHTHICTIO 3JaTHI yTBOPIOBATU HOEKiJIb-
Ka okxcuaiB. Oxcujp i3 HHIKUYOIO BAJIEHTHICTIO eJeMeHTa MOJXKe B3a-
EMOIiATH 3 KHCHEM 3 YTBOPEHHSAM OKCHUAY 3 BHUIIOI BaJEHTHICTIO.
Hanpurnan, Pochop mim uac B3aemMomili 3 KHUCHEM MOKe YTBOPIOBATHU
docdop(Ill) oxcux i dpochop(V) okcun (Buimuii okcum). ¥ IILOMY BUIIA-
Ky okcug P,O, B3aemogie 3 KuCHeM 3 yTBOPeHHAM BUINOro okcuay P,0,:
P,0,+0,=P,0,
Amnanoriuao ¢epym(II) okcun B3aeMomie 3 KUCHEM 3 YTBOPEHHIM
depym(IIl) okcuny:
4Fe0+0, = 2Fe,04

Po3knag kKncnot i ocHOB

Okcuau MoOKHa OOYBATH TAaKOMK PO3KJIAZaHHAM (Herigparaiiicio)
HECTIiHKMX KHCJOT i OCHOB:

t
Mg(OH), = MgO+H,0
t
2Fe(OH); = Fe,0,+3H,0
Taxki peak1iii BizOyBatoTbCA i Uac IpoKapiOBaHHA MaiisKe BCiX TiapOK-
CHUIiB, 3a BUHATKOM TiIpoKcumiB ay:kHux ejeMmenTiB (Harpiio Ta Kaumiio).

YV rakuii cmocid Mo:xHAa TOOYTU OKCUIM HABITH THUX €JI€MEHTiB, II[0 Y BUIJIS-
Ii IPOCTOI PeUOBUHU He PearyioTh i3 KUCHEM, HAIIPUKJIAL OKcum Aypymy:

2Au(OH), = Au,0,+3H,0

Herigparailito OKCUT€HOBMiCHIUX KUCJOT 3AiHICHIOIOTHL HATrPiBaHHAM 3a
HaaBHOCTI (ochop(V) oxcuny (pevyoBHHU, IO aKTUBHO HOTJIMHAE BOAY):

H,S0, = SO,+H,0
2HNO, = N,0,+H,0
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Taxi kucmornu, sk kapbonarna H,CO,, cynbdiraa H,SO, # cunikaraa
H,SiO;, merxko mepeTBOPIOIOTHCA HA OKCHAU HABiTh y pasi He3HAUHOTO
HarpiBaHHA:

. toae
H,Si0, = Si0,! +H,0

H,CO, = C0,T+H,0

TepmiuHe po3KknagaHHA conen

OKcUAM TaKOXK YTBOPIOIOTHCSA IIiJi Yac PO3KJIAMAHHA AeIKHX COJiei
OKCHT€HOBMIiCHUX KHMCJIOT, AKIITO IIiJl Yac peakIlii yTBOPIOIOTHCS Ia3omonio-
Hi peuoBuHHU. Ilixg yac mpokaproBaHHsa 6araTbOX TAKWUX COJIEHN YTBOPIOIOTHCS
IBA OKCHUAW: OCHOBHHIM Ta KMUCJIOTHMI (aHTiAPHI BiAIOBIAHOI KMCJIOTH):

CaCO, = Ca0+C0,T

ZnSO, = ZnO+80,T
Taki peakirii BizOyBaloThCs JHUIle 3a YMOBHU, IITO OMWH i3 MPOAYKTIB
peaknii (oxkcuzis) € jerkum, Hanpukiax: SO,, CO,, SO,.
Comi, yTBOpeHi HeJIeTKUMU OKCHUAAMU, y pas3i IpoKapioBaHHA He
PO3KJIaNa0ThCA, a JIUIIE ILJIaBIATHCS.
SIKIITO OKcmz, IO YTBOPIOETHCS IIiJi Yac PO3KJIATaHHA, caM € Tep-
MiYHO HEeCTiHKHM, TO YTBOPIOIOTHCSA TAKOK IIPOAYKTH i HOTro posmany,

HAIIPUKJIAL: NO.T
Cu(NO,), = CuO+N,0, ~7
abo \*02T
2Cu(NO,), = 2Cu0+4NO0,T+0,T
Ag

Ag,CO, = CO,T+Ag,0 -
0,7

abo
2Ag,C0, = 4Ag+2C0,T+0,T

Mig yac npoXkaploBaHHA He po3knagalTbca coni Hatpito Ta Kanito. Y pasi
HarpiBaHHA BOHW MOYMHAIOTb MIABUTUCA, @ AKLO M PO3KNIafaloTbCA, TO
3a 0cobnmBoto cxemoto. [lesKi 3 TakuMx peakLiil BUKOPUCTOBYIOTb Y nabo-
patopii ana fobyBaHHA KUCHIO:

2NaNO, = 2NaNO,+0,T 2KCIO, = 2KCI+30,T
2KMnO, = K,MnO, +Mn0,+0,T



§ 38. Cnocobu fobyBaHHA OKCUAIB

« Ckno 3i 3HauHMM ymicTom nnomoym(ll) okcuay, WO oTpumano Hassy
KpuwTanb, Ay»Ke cxoXe Ha anmas. I3 1790 poky 3 KpuwTasnto novanu
BUIOTOBMATY NigpobneHe KOLWTOBHE KaMiHHsA. I3 6e36apBHOro — anma-
31, i3 3abapBNEHOro 30/10TOM — fACKPaBO-YepBOHi Py6iHK, KobanbT(ll)
okengom — cuHi candipu, a xpom(lll) okcmgom — 3eneHi isympygm.
HitporeH(l) okeng (N,O) BUKOPMCTOBYIOTb Y IKApHAX AK HAPKO3 nif 4ac
onepauin. [1nA HbOro xapakTePHUI CNAbKUIN NPUEMHUI 3amax i conoa-
KyBaTuUi MpuUCMak. Y pasi BOMXaHHA MOro B HEBENMKUX [03aX HaCTaE
HapKOTMYHe CN'AHIHHA. BiH CNpUUYMHAE HEKOHTPONbOBaHI CYAOMHI pyXxu,
WO HaragyloTb CMiX, 3aBAAKM YoMy HiTporeH(l) okcup HasmBalTb Lie
«3BECenAYNM rasomy.

OCHOBHa cvMpoOBUHa AnA A0OYBaHHA alOMiHilO — anloMiHIn oKkcua
AlLO; — y BeNUKIN KiNbKOCTi MICTUTbCA Y 3BMUYANHIA FMHI. ANIOMIHIN
Ma€ LiHHI BNAaCTUBOCTI — NErkum, MiLHUN i, ronosHe, gelesunin. CboroaHi
anoMmiHin fobysaloTb Ai€l0 eNeKTPUYHOro CTPYMYy Ha atoMiHIil OKCUA,.
Ane [0 po3poOKM eNEKTPONITUYHOIO MeToAy AOOYBaHHA antoMiHito 6yno
HagMipHO 3aTpaTHUM. 1855 poKy 1 Kr antomiHilo KOLTYBaB AOpOXYe 3a
30/10T0. 3aBAAKN LibOMY asIlOMiHIl ille Ha3uBanu «cpibsiom i3 ravHu».

@ BucHoBkM
-9

1. Okcnamn yTBOPHOKTLCA B pasi B3aEMOZii NPOCTUX Ta CKNaAHWX PEYOBUH
i3 KncHeM. Y M aKTMBHILLI PeYOBUHM, TUM ferLie BOHM BCTYMalTb Y peak-
Lit0 3 KUCHEM.

2. Okaigu yTBOPIOKTbCA PO3KNAAAHHAM HECTIMKUX CKMAAHUX PEYOBUH: KNC-
10T, riApOoKcMAiB Ta conen. Po3knagaHHIo NigfaTbca HEPO3UMHHI rigpoKCu-
[V, HECTINKI KNCTOTK Ta COfli, AKLLO MPU LibOMY YTBOPIOKOTbCA JIETKI OKCUAN.

KOHTpONbHI 3anuTaHHA

1. AKi NpocTi peyoBMHN — MeTanu N HemeTann — He B3AEMOJIlTb i3 KUC-
Hem? HaBegiTb npuknagw.

2. fki rigpokcman, KNCNOTN Ta COoNi 3AaTHI PO3KNafaTnuca 3 YTBOPEHHAM CO-
nen? Haeepitb npuknagu.

3aBpaHHA AnA 3aCBOEHHA MaTtepiany

1. Cknagitb pPiBHAHHA peakuiln ropiHHA Byrinna, ¢ocdopy, 6opy, antomiHito,
UMHKY. Ha3BiTb npogyKkTn peakuin. Y AKomy BUMNAQKy YTBOPIOKOTbCA KUC-
NOTHI OKCUAW, @ B AKOMY — OCHOBHI?

2. ManraH(ll) kapboHaT po3KnafaeTbCsA Nif Yac HarpiBaHHA Ha MaHraH(ll)
okcng i Byrnekmcnni ras. Cknagitb piBHAHHA peakuii.

3. Cknapitb piBHAHHA peakuii gobyBaHHA HiTporeH(V) okcuay 3 HiTpaTHOI
Kncnotu.
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10.

11.

12.

13*

3anpornoHynTe Tpu crnocobu fobyBaHHA BYFrNeKMCIOro rasy.

Mig uyac npoxaptoBaHHAa depym(lll) cynbdaty yTBOpiotoTbca depym(lll)
oKcuA i ras, Wo B pe3ynbTaTi B3aEMOAIT 3 BOAOI YTBOPIOE CynbdaTHY KnC-
noty. Cknagitb piBHAHHA peakuii.

AIKi peyoBMHM YTBOPIOKTLCA Nif Yac HarpiBaHHA CUiKaTHOI Ta KapboHaT-
HoI KncnoT? CKknagiTb PiBHAHHA peakLUil.

CknagiTb pPiBHAHHA peaKLiil po3knagaHHA conei: natomoym(ll) kapboHary,
LUUHK HiTpaTy, apreHTym(l) cynbdity, apreHTym(l) HiTpaTy. Y AKnx Bunagkax
YTBOPIOIOTbCA TEPMIYHO HECTIVKi oKkcuan?

[lonoBHITb CxemMn peakuil, Ha3BiTb MPOAYKTU peaKkuil:

a) CaC,+... > ...+CO,T; @) ... » N,O,+H,0;

6) SiH,+0, — ... +... € Caso, — ...+

B) ...+0, > Zn0+S0,1; %) ... —— MgO+CO,;

1 CS,+0, —» CO,T+..T,  3) CusO, —— CuO+...;

A) ... —— PbO+H,0; 1) ... —— Hg+NO,T+O,M.

CknagitTb piBHAHHA peakLuin ona 34iNCHeHHA NepeTBOPEHb:

a) Mg — MgsO, — MgO — MgCO,; 6) Cu— Cu0— Cu(NO,), — Cu(OH),.
O6uncniTb 06'€M KUCHIO (H. Y.), HeObXiaHWI AnA [oOyBaHHA MarHin okcmay
Macoto 240 r i3 marHito.

O6uncnitb Macy ¢ocoopy, WO HeobXigHO cCnanuT AnA Ao6yBaHHA
docdop(V) okcmpy macoto 7,1 T.

O6uncniTb 06'eM rasy (H. y.), O YTBOPKETLCA Mif YaC PO3KNaAaHHA Kasib-
Ui kapboHaTty macoto 250 r.

JesAki npoMucnosi BUPo6HMLTBa YKPaiHN BUKOPUCTOBYIOTb Y PI3HUX TeX-
HOMOTYHUX MpoLecax peakuilo po3knagy KanbLii kKapboHaTy. Y gogat-
KOBVX [pKepenax 3Hangitb iHpopmauilo npo Taki BUPOOGHUUTBA. Y AKWIA
Cnoci6 3anobiraloTb HAAMIPHUM BUKULAM BYTNEKMCIIOrO rasy B atmocoepy?

§ 39. 3aranbHi cnoco6u fo06yBaHHA KMUCNOT, OCHOB Ta conen

Mpurapante:

+ Knacuoikauitlo oKcuais, conen, KNCNOT Ta OCHOB (3a § 26);

« 3arafibHi cnocobu fobyBaHHA OKcuAiB (3a § 38);

+ AKy iHpopMaLilo MOXHa OTpMMATU 3 PARY aKTUBHOCTI MeTaniB (3a § 34);
« YMOBU Mepebiry peakuin obmiHy (3a § 36).

Cnocobun pobyBaHHA KUCNOT

Y xiMiuHUX TepeTBOPEHHAX y OiNBIITOCTI BUNAAKIB i3 peuyoBUHHU, IO
HAJEXXHUTh 0 OJHOTO KJIACY, YTBOPIOETHCS iHINIA PEYOBMHA, IIJ0 YACTO Ha-
JIeXKUTH OO0 iHmoro kjacy. OT:Ke, XiMiuHiI BJIaCTHBOCTI OJHUX PEUYOBUH €
coco6oM m00yBaHHSA iHINIMX PEYOBUH.

Cnocobu moOyBaHHSA OKCUTE€HOBMICHHX Ta 0€30KCUTEHOBUX KUCJOT
Ielro poapisHAroTbea (Tabda. 11):
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Ta6aunsa 11. 3araxbsHi cmocodu TO00OyBaHHA KHCJIOT

Tun . ..
- Be3okcurenosi Kuciotn OKCHreHOBMiCHI KMCI0TH

peaxiii
Peaxnii | [loOyBaHHS JIETKUX CIIOJYK Bsaemogisa KMCIOTHUX OKCUIIB
CIIOJTY- 3 I'igporenom (HF, HCI, HBr, i3 BomoI0:
YeHHSA HI, H,S) Bzaemogieio memeranis | SO,+H,0 = H,SO,

i3 BomHEM i3 MOJaIBIITUM PO3UM- .

HEHHAM Y BOMi: P,0,+3H,0 = 2H,PO,

H,+Cl,=2HCl H,+S=H,S

Pearmii | BuricHeHHS KKCJIOT i3 coJiell CUIBHIIIIO0 KICJIOTOIO:

00MiH
Y| 2HC1+FeS = FeCl,+H,ST 2HC1+ Na,Si0, = H,Si0,! +

+2NaCl

Bsaemogis coseii i3 KucjaoTaMu 3a YyMOBH, IIT0 YTBOPEHA CijIib BUIAAe
B Ocaj:

H,SO0, +BaCl, = BaSO,| + 2HCI HCl+AgNO, = AgCll +HNO,

Cnocobun pobyBaHHA OCHOB

Jlyru no0yBalTh pisHMMEU cIiocobaMu:
« BBAEMOJI€I0 JYKHUX i JIYKHO3EeMEeJbHUX MeTaJiB (OKpiM Marxiio)
3 BOJIOIO:

2Na+2H,0 = 2NaOH + H, T

* B3AEMOJi€I0 OCHOBHUX OKCHUZIB i3 BOZOIO:

Na,0+H,0 = 2NaOH

BaO+H,0 = Ba(OH),,
* peakIiiMu OOMiHY:

Ba(OH), +K,SO, = BaSO,| + 2KOH
HeposuuHHi rimpokcuam no0yBaiOTh B3AEMOJI€I0 PO3UMHHUX COJIEH
i3 syramm:
CuSO, +2NaOH = Cu(OH),! + Na,SO,

Jlyrn TakoXK MoXHa fo0yTH Ji€lo enekTPUUYHOro CTPYMy Ha BOZHI PO3YMHYU @
conen — enekTponisom:

€JL. CTPYM

2NaCl+2H,0 = > 2NaOH+H,T+CLT
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Cnocobu pobysaHHA conen

CoJti yTBOPIOIOTHCA B 6araTboxX XiMiuHMX peakIlifAx, TOMY iCHye 4u-
MaJIO CII0CO0iB MOOYBaHHS COJIEH.

CoJii 0€30KCUTreHOBMX KHCJOT MOJKHA HOOYTH B3a€MOII€I0 ABOX IIPO-
CTUX PEUYOBWH: MeTaly ¥ HeMerasy. AKTHMBHI MeTasi, pO3MillleHi Ha I0-
YaTKy PAAY aKTUBHOCTi, 3 aKTUBHUMU HeMeTaJlaMU B3aEMOIIOTH IYIKe
OypXJNBO: i3 BUAIJIEHHAM BeJMKOI KIJIBKOCTI TemjaoTu i, 4acTo, CBiTJIa
(man. 39.1):

Mg +Cl, = MgCl

MeHIT aKTHBHI MeTaJId TaKOMK MOKYTL B3AaEMOMIATH 3 aKTUBHUMU
HeMeTaJlaMU, ajie 3a BifIIOBiZHUX yMOB.

ITicna BHeceHHs 3ajiza B KOJIOy 3 XJIOPOM peaKIlisd 3a 3BUUYAHHUX
YMOB He BimOyBaeThbCcA. AJie AKINO 3aJi3HUNA APIT IMOMIEePeaHbo PO3KAPUTH
B moyiyM’1 majJbHUKA, TO PeaKilisd BigOyBaeThCsA AysKe aKTUBHO. IIpo mepe-
0ir peakmii cBiguuth Buminenua depym(IlIl) xmopuny y Buraani 6yporo
numy (mama. 39.2):

2Fe+3Cl, = 2FeCl,

Costi OKCUTeHOBMiICHMX KHCJIOT B3a€MOJI€I0 MBOX IIPOCTUX PEUOBUH
IOOyTH He MOXKHA.

3araybHi criocobu [oOyBaHHA COJIell BaM ysKe BioMmi 3a momepemHiMu
naparpadaMu, BOHM HaBedeHi B Tadamii 12.

Man. 39.1. Bsaemogisi marHito 3 razonopi6- Man. 39.2. Bzaemogia po3kapeHoro
HUM XJIOPOM 3 YTBOPEHHAM MarHin xnopugy 3ani3a 3 XJ10pom
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Ta6aunsa 12. 3arajdbsHi cIoco0H TOOYBaHHA CoJIeil

Tun . . .
- Couri 6€30KCUTE€HOBUX KMCJIOT CoJri OKCMT€eHOBMiCHHX KHCJIOT
peaxii
Pearmii | Bsaemomist IpocTUX PeYOBUH: Bsaemozaisa KMCIOTHUX OKCULIB
CIIOJIY- 2K +Br, = 2KBr 3 OCHOBHUMU:
YeHHS Fe+S =FeS CaO+CO, =CaCO,
Pearmnii | Bsaemogis merasniB, posmitnenux | Bsaemogisa merasis, podaminieHux
3aMi- Yy PALY aKTUBHOCTI JIiBOPYY Bix Yy PALY aKTUBHOCTI JIiBOPYY Bix
IIeHHA | BOAHIO, 3 TQJIOTE€HOBOJHEBUMHU BOJHIO, 3 KUCJIOTAMMU:
kucaoramu (HF, HCl, HBr, HI): | Mg+ H,S0, = MgSO0, —I—HZT
Fe+2HCl = FeCl,+ H,T
BuricHeHHs MeHIIT aKTUBHUX METAJIB i3 coseit 0iJbIlI aKTUBHUMU
MeTajJaMu:
3CuCl, +2Al = 2A1Cl, + 3Cul 2AgNO, +Fe = Fe(NO,), + 2Agl
Peaknii | Bsaemonia pe4uoBUH i3 KUCJIOTHUMU BJIACTUBOCTAMU 3 PEUOBUHAMU
00OMiHY | 3 OCHOBHHUMU BJIACTUBOCTAMU (KUCIOTHO-OCHOBHI B3a€MOZi1):
+ xucaortu 3 ocaosamu: 2HCl+Fe(OH), = FeCl,+ 2H,0
* KUCJIOTH 3 OCHOBHUMHU OKCHUIAMU:
2HNO,;+MgO = Mg(NO,), + 2H,0
* KucaoTHI okcuau 3 ayramu: SO, +2NaOH = Na,SO,+H,0
Peakii o0MiHy 3a yuacTio coseii:
+ coui 3 yramu: FeCl, +3KOH = Fe(OH),| +3KCl
* COJIi i3 CHJIBHUMU KUCJIOTaAMM:
CaCO,+2HNO, = Ca(NO,),+CO0, T+ H,0
* nBi posumnHi coxi: Na,SO, +Ba(NO,), =BaSO 4\1/ +2NaNO,
& BUCHOBKM
.—

1.

Be3oKcUreHOBi KNCIOTU MOXHa A00YBaTV B3aEMOLIEID NPOCTVX PeYOBUH
i3 BogHeM i3 noganbLlMM PO3UMHEHHAM NPOAYKTIB peakuii y Boai. Cnadki
KMCNOTW MOXHa AOOYTU BUTICHEHHAM i3 COJi CUIIBHOI KUCIOTOIO.

JNlyrn pobyBatoTb B3aEMOZIED akTUBHMX MeTaniB, PO3MILLEHUX Y PAZY aK-
TUBHOCTI NiBOPYY Bif MarHito, abo OKCMAIB aKTUBHUX METaniYHUX enemeH-
TiB i3 Bogow. Hepo3uunHHi rigpokcngm obyBatoTb B3aEMOLIED PO3UYMHHUX
conen i3 nyramm.

Coni pobyBsatotb 6araTbma cnocobamu. Cepef, HAX MOXHa BUAINUTY peak-
Uil cnonyyeHHA: B3aEmopgia meTanis i3 HemeTanamm 3 yTBOPEHHAM COfnen
6e30KCUreHOBUX KNUCNIOT Ta KUCIIOTHUX OKCUAIB 3 OCHOBHUMMW 3 YTBOPEH-
HAM CONle OKCUIeHOBMICHUX KUCNOT. PeakLUii 3aMillleHHA: B3aEMofia MeTa-
niB i3 Kucnotamu abo conamu. Peakuii 06MiHY MOXNMBI 3a yyacTio CMONyK
KWCNOTHOTO Ta OCHOBHOIO XapaKTepy, a TaKoX 3a y4acTio coneil.
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Q KOHTponbHi 3anuTaHHA

s

1.
2.

3.

AKi KUCNOT MoXHa JOOYTU PO3UMHEHHAM Fa3oMnoAiGHNX PevyoBUH y BOAI?
Y MOXHa AOOYTU OKCUFeHOBMICHI KMCNOTU peakLi€lo CroMyYeHHs Mix
NpPOCTUMK peyoBUHaMK? Bignosigb NOACHITH.

MoACHITb, YOMY Nyr MOXKHa [OOYTN B3aEMOAIEI0 MeTaniB i3 BOAOIO, a He-
PO3UMHHI TiAPOKCMAN — Hi.

AKii yMmoBi Ma€ BignoBigaT peakuia 06MiHy 3a yyacTio PO3UMHHUX COMENn,
Wwob y pe3ynbTaTti MOXHa 6yno nobyTu cinb?

AKMM yMOBaM MaloTb BiAMNOBIAaTM peareHTu, Wob MoXKHa 6yno 34iNCHUTK
peakLuilo 3amilleHHA 3 YTBOPEHHAM coni?

3aBAaHHA ANA 3aCBOEHHA Martepiany

1.

HaBegniTb Mo ogHOMy MpuKnagy PiBHAHb peakLuii, WO BiATBOPIOKOTL TaKi
cnocobu pobyBaHHS conelt: a) Ciib 6e30KCMreHOBOI KUCIOTU peaKLi€to
CMONyYeHHs; 6) Cinb OKCUreHOBMICHOI KUCIOTW peaKLUi€ln CrnofyyYeHHs;
B) peaKLif 3aMillleHHsA 3a yyacTio KUCJIOTY; T) peaKuis 3aMilleHHs 3a yyac-
TIO COMi; A) peakuia o6MiHY 3a yuyacTiO KMCNOTHOFO OKCWAY; €) peakuin
06MiHy 3a yuyacTio OCHOBHOrO OKCuUfy; €) peakuifa obmiHy 3a yyacTio He-
PO3UMHHOT COni; X) peakuis 06MiHy 3a yyacTio HEPO3YMHHOIO FigpoKcnay;
3) peakLuis 06MiHY 3a yyacTio PO3UMHHOT CONi; 1) peaKuia 06MiHy 3a yyacTio
HEPO3UYMHHOI KNCNOTU.

CKknagitb piBHAHHA peakuin 4OOYBaHHA KMCMOT: a) B3aEMOJIEI0 ABOX OKCU-
AiB; 6) B3a€EMOJI€0 KMUCSIOTW 1 CONi; B) B3aEMOJIE0 ABOX NPOCTUX PEYOBUH
(i3 HAaCTYNHMM PO3UYMHEHHAM NPOAYKTY peakLii y Bogi).

CknagiTb piBHAHHA peakKuii gobyBaHHA nnomoym(ll) cynbdigy: a) peakuieto
cnonyyeHHs; 6) peakui€lo 3amillleHHs; B) peakLi€o 06MiHy.

Cknagitb piBHAHHA peakuii gobysaHHA Kynpym(ll) cynbdaty: a) peakuieto
cnonyyeHHs; 6) peakui€lo 3amilleHHs; B) peakLi€o 06MiHy.

binnn ocap po3umHAETbCA B pe3ynbTaTi B3aEMOAIT 3 HITPATHOK KUC/IOTO
i HaTpi rigpokcnaom. flka peyoBrHa morna 6yTn B ocagi? Bignosigb nig-
TBEPAbTE PIBHAHHAMU peakuil.

CKnagiTb pPiBHAHHA MOXNUBUX peaKLUil:

a)H,+S — .. 3) NaCl+Cu(OH), — ...; o) Ba(OH),+Na,SO, — ..;
6) H,+Br, — ...; n) FeS+H,50, — ...; m Na,SiO;+HBr — ...;

B) K+Br, — .. i) ZnO+HNO; — .. p) MgCO;+H,SO, — ...;
nNAl+C, — ..; i) Fe(OH),+K,CO, — ...; ) Sn(OH),+HNO, — ..
A) Ag+H,0 — ...;  K) Cr,(SO,);+KOH — ...; ) Cr(NO,),+K,SO, — ...;
e) Al+HC — ...; n) AgNO,+Pb — ...; y) Pb(NO,), +KCl — ...

€) CO,+KOH — ...; ™) SO,+Mg0 — ...;
x*) BaO+H,0 — ...; H) CuCL+HNO; — ..;



§ 39. 3aranbHi cnocobu [obyBaHHA KUCIOT, OCHOB Ta CONeit

1.

12.

13.

14.

15.

16.

CKnagitb PiBHAHHA peakLiii, Wo BianNoBiAaldTb TaKUM NepeTBOPEHHAM:

a) MgO — Mg(NO,), — Mg(OH),;

6) Fe — FeCl; — Fe(OH), — Fe,(SO,); — Fe — FeCl,,.

JaHo coni: apreHTym(l) HiTpaT, marHin kap6oHat, depym(ll) cynbodig,
Kanin cynbdit, nnombym(ll) HiTpaT. AKi 3 HUX B3aEMOAIATMMYTb i3 XNO-
PULHOIO KNCIOTO 3 yTBOPEHHAM: a) ocagy; 6) rasy? Cknagitb piBHAHHA
peakuin.

AK i3 HaTpi xnopuay AobyTK HaTpin cynbdat? CKNagiTb PIBHAHHA peakLii.
Ak i3 depym(lll) cynbdaty pobytn depym(lll) okeng? 3anponoHyite ABa
pi3Hi cnocobu i cknagite BiANOBIAHI PIBHAHHA peakuii.

Ak i3 depym(lll) okcmpy y aBi ctagii ogepxatn depym(lll) rigpokcnpa? Ckna-
JiTb PIBHAHHA peakLuin.

Cknagitb piBHAHHA peakuin OOYyBaHHA He MeHLUe HiXK cemu Conel, BUKO-
PUCTOBYIOUM TaKi peakTUBU: PTYTb, LUHK, XxlopugHa Kucnota, docdop(V)
oKcuA, marHii okeua, apreHtym(l) HiTpat, 6apin kap6oHat, depym(lll) ri-
APOKCUA.

Xnop o6’emMom 5,6 n (H. y.) 3milwany 3 JOCTaTHbOK KiNbKiCTO BOAHIO i Migi-
pBanu. MpoayKT peakuii po3unHuAn y Bogi macoto 200 r. O6umncnite maco-
BY YaCTKY XJIOPVMAHOI KUC/IOTN B OTPMMAHOMY PO3YMHI.

[lo po3umnHy HaTpin kapboHaTy macot 200 r i3 MacoBOK YacTKOK Coni
5,3% popanv HapAMWOK XNopuAaHOT Kucnotu. O6uncnitb ob'em rasy, wWwo
BMAINMBCA (H. Y.).

Kanbuinn kapboHaTt macoto 0,5 Kr 06poburnn po3UMHOM HITPATHOI KUCIOTU.
O6uncniTe Macy coni, AKY MOXHa fOOYTW B TakMin cnoci6.

Po3unH macoto 50 r i3 MacoBO YacTKol cynbdaTHOI Kncnotu 7,35 % 3mi-
Wanu 3 po3YMHOM HaTpin rigpokcuay. OTpMMaHUN PO3YMH He 3MIHIOE 3a-
6apBneHHaA nakmycy. O6umncnitb Macy coni B poO3uuHi.

MPAKTUYHA POBOTA N2 2

HocnigXeHHA BNacTUBOCTEN OCHOBHMX KJaciB
HeopraHiYHMX CMONyK

O61a0HaHHA: IIITATUB 13 TPOGipKaMu, KOPOK i3 ra3oBiABiqHOIO TPYOKOIO.

Peaxmueu: Kanplliii KapOoHAT, IIOPOIIOK 3aJiza, 5%-ii PO3YMH XJIO-
PUIHOI KMCJIOTH, PO3UNHU CYJIb(PATHOI KMCJIOTH, HATPil abo Ka-
JIiT TiAPOKCUAY, KAJNBIIHA TiAPOKCUIY, HATPIA XJIOPUAY, HATPIN
oprodocpary, aprearym(l) HiTpary, Kaabliiii XJ0PUILY, HATPii
KapboHaTy, HATPi# cyabdiry.
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TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

| Upasuaa O0e3meKu:

® - 1ig yac BUKOHAHHSA AOCJiiB BUKOPUCTOBYHTE HEBEJIUWKI KiJIbKOCTI
PeaKTUuBiB;

s ocTepiradiTecsi TMOTPANJIAHHA DPEaKTUBIB Ha OOAr, IIKipy, B OUi;

y pasi moTpamiasaHHA Jyry abdo KUCJIOTU IX CJIif HeraiHo 3MHUTHU Be-
JINKOIO KiJIBKICTIO BOAM Ta IIPOTEPTH Miclle pPo30aBJIeHUM PO3UMHOM
6oparHOi KucaoTu (y BUNAAKY HOTPAIISHHA JYyTy) abo PO3UMHOM
conm (y BUIIQ[IKY TOTPAIJIAHHSA KHUCJIOTH).

1. JloOyBaHHA ¥ XiMiYHi BJIACTHBOCTi OKCHIIiB.

1. ¥V npob6ipky momicTiTh HeBeIMKUII IIIMATOK KaJbIlili KapOoHaTy
(kpeiigu, BamHAKYy abo Mapmypy) i monuiite 5%-# PO3UYMH XJIOPUIHOL
KHCJIOTH.

2. IIpobipKy 3aKpUiiTe KOPKOM i3 rasoBiABiHOIO TPyOKOO. BinbHuii
KiHelnp TpyOKM 3aHypTe B iHINY TMPOOGIpKY 3 BamHSHOIO BOMOIO.

3. 3amuImniTh CBOI CIIOCTepe)KeHHs B 30IIHUT, YKaKiTh KOJip ocany,
1[0 YTBOPIOETHCS B APYTill mpobipiri.

4. 3anuIriTh PiBHAHHSA PeaKI[iid.

2. JMoOyBaHHA ¥l XiMiuHi BJIACTHMBOCTI HEPO3UMHHHMX TiIPOKCHIIB.

1. V npobGipKy HOMICTiTh HEBEJMKY KiJbKiCTh IOPOIIKY 3ajisa (Ha
KiHUMKY IImaTeasa) i moauiTe A0 HBOTO 1—2 MJI PO3UMHY XJIOPUITHOI
KHCJIOTH.

2. Ilicns sakiHueHHs peakilii go moOyToro posumuy gpopzarite 0,5—
1 M posumHy Jayry (HaTpiii abo KaJiil rifpoKcHuay) K0 YTBOPEHHS OcCany.

3. o oTrpumaHOro ocaay [rofaBaliTe HEBEJIUKUMU IMOPI[IIMU PO3UUH
cyabhaTHOI KMCJIOTH, IIOKU OCaj He 3HUKHE.

4. 3anuIiriTh, CBOI CIOCTepesKeHHS B 30IINT, YKAXKITh KOJIip ocandy.

5. 3anuIriTh pPiBHAHHSA peakIliii.

3. HoOyBaHHA il XimMiuHi BJIACTHBOCTI COJIeii.

1. ¥V aBi mpobipku mHaauiiTe mo 1-2 MJ posumHIiB HaTpiil XJopuIy
Ta HATPii opTodocpary.

2. Jlo Ko:xHOI IpobipKu mosuiite mo 1 mu posumuy apreratrym(l) Hi-
TpaTry. YKaKiThb KOJIp ocamiB, IO YTBOPUJIUCA, i B3aIUIIITh PiBHAHHA
peaxIrii.

3. VY nBi npobipku HajmmiiTe 1Mo 1—2 MJ PO3UMHY KaJIbIill XJOPULY.

4. YV mepmy npobipry mposawuiite 1 My po3umHy HaTpiti KapboHAaTy,
a B apyry — 1 MJ po3umHy HaATpiil cyabdiTy A0 yTBOPEHHS OCasIiB.

5. o KoxkHOI MPOOipKM MoaBaliTe PO3SUYUH XJIOPUIHOI KUCIOTH, IIOKHU
ocaau He 3HUKHYTD.

6. 3amumriTe CBOI CIIOCTEpPEKEeHHSA B 3OIMUT Ta CKJIALITH PiBHAHHA
peaxiIriii.



§ 40. TeHeTUuHi 3B'A3KM MiX KNnacamu HeopraHiyHuX Crnonyk

4. ®opmMyIOBaHHS BHCHOBKIB.

Ilig yac ¢opmynaoBaHHA BUCHOBKIB JaiiTe BimmoBimi Ha Taki samu-
TAHHS:

1. fki cmocobu moOyBaHHS OKCHUIIB, OCHOB Ta COJiell B BUKOPUCTAJIN
B IpPaKTUUHi# po6oTi?

2. s peakIlii oOMiHY MOsSICHiTH, AKMM yMOBAM BiAIOBiZarTh IIi
peakiiii Ta 3aBAAKN YOMY MOJKJIHBUI IIepebir peawIriii.

3. Iuna peakIiiii 3aMiIlleHHs TOSCHITH MOJMKJIUBICTH mepebiry mmx
peakrIii.

§ 40. leHeTNYHI 3B’A3KN MiXK Knacamn HeopraHiYHUX CMOAYK

MpuraganTe:
+ Knacudikauito OCHOBHUMX KNaciB HEOPraHiYHUX CMonykK (3a § 26);
+ 3arasibHi cnocobu fobyBaHHA okcuais (3a § 38) Ta coneit, KNCNOT i OcHOB (3a § 39).

Y pesyabTaTi XiMiuHHMX II€peTBOPEHb PEUYOBUHM OJHOIO KJIACy Iiepe-
TBOPIOIOTHCS HA PEYOBMHU iHIIIOrO: 3 IPOCTOI PEUOBUHU YTBOPIOETHCA
OKCH][, 3 OKCUAYy — KHCJIOTa, 3 KUCJOTU — cinb. [HaKIme KayKydm, BU-
BUEHi BaMHU KJIACH CIIOJIYK B3a€MO03B’sa3aHi. Mu MOKeMO BCTAHOBUTHU ITi-
JUN PSS IepeTBOPeHb OJHUX CIIOJNYK Ha iHIIi, TOOTO reHeTHYHi 3B’A3KH
MiK HUMU. Po3risiHeMo HOro Ha MPUKJIAAL MeTally (KaJbIliio) i HemeTary
(ByrJIerrio).

Kaunbriii mig uac sropssHHsA Ha MOBiTPi yTBOoproe ocHOBHUIT okcuz CaO,
10 IMIPUESHYE BOAY, MEPETBOPIOIOUNCH HA OCHOBY — KAaJIbIill TiPOKCHI
Ca(OH),. IlocamifoBHICTS NUX pPEaKIidi MOKHA IOJATH y BUTJIAAL CXEMHU:

Ca — CaO — Ca(OH),

ITix gac ropiHHa ByIJemio yTBOPHOETbeA KucaoTHui okcupm CO,, mo
pearye 3 BOJOI0 3 yTBOpeHHAM KapGonaTHOi Kucaotu H,CO,:

C — CO, —» H,CO,4
Ilix yac B3aemMomii KUCJAOTH I OCHOBU YTBOPIOETHLCA CiJb:

Ca(OH), +H,CO, = CaCO, + 2H,0

Cinp TaKOX MOXKHA HOOYTH yV B3a€MOIiAX:

* MeTaJly 3 KHCJIOTOIO;

* OCHOBHOTO OKCHAY 3 KHCJIOTOIO;

« IYTY 3 KHUCJIOTHUM OKCHUIIOM;

* OCHOBHOTO OKCHAY 3 KHCJOTHUM.

VYci 11i mepeTBOpeHHSA MOXKHA MOAATH Y BUIIALL cxemu (cxema b Ha
c. 220).



TEMA 4. OCHOBHI KNACK HEOPTAHIYHUX CMONYK

Cxema 5. 'eHeTuuHi 3B’A3KH MiK KilacaMM HEOPTraHiYHUX CIIOJYK

XimiuHi MeTaniuHi
efieMeHTMn
Mpocri
PEYOBUHY Metann
\
+0,| |+H,
) ) A /
BiHapHi OCHOBHi
cnonykn — oKenan
oKkcnan \
+H,0| | t
fi A /
inpatn
AP . OcHoBU
okcuais
A
+Kncnota +nyr
 /
Coni Coni

— >
+HemeTan

_
+KUCNTOTHUN

okcup abo
Kucnota

_
+KUCNOTHUN

okcug abo
Kucnota

—_—
+cinb

Coni

Coni

Coni

Coni

HemeTaniuHi

<—— HemeTtanu

+meTan
+0,
 /
KncnotHi
+0OCHOBHUI oKkcnan
oKkcup abo A
OCHOBA
+H,0| | t
 /
<«—F—  Kucnotu
+0OCHOBHUIA A
okcug abo
OCHOBA
+0CHOBa +KuncnoTa
 /
- Coni
+cinb

Hasenmena cxema He BiITBOPIOE BCiX MOMKJIMBUX PeakKIlii 3a y4acTIO
BUBUEHUX BaMU KJIACiB HEOPTaHIUHUX CIOJYK, ajie LIII0CTPye U y3arajb-
HIOE IPUHIUIN XiMiuHOI B3aemopmii pisHuMX peuoBuH. 3i cXeMu BUIHO,
1[0 MeTaJiuHi eJleMeHTH € POJOHAUYAJLHUKAMMU CIOJYK 3 OCHOBHUMU
BJIACTUBOCTAMM (OCHOBHI OKCHIM Ta OCHOBH), a HEMETAJIIUHI — CIIOJYK i3
KHCJIOTHUMHU BJIACTUBOCTAMU (KHUCJOTH Ta KucJa0THI okcuam). Coii Haii-
YacTiire TPamaAalThCSId Ha CXeMi, OCKiJIbKM BOHU 0EPYTh YUaCThb ¥ Pi3HUX
XiMiUHMX B3a€EMOMisX AK peareHTH ab0 IPOAYKTH peakIirii.

3HaHHA TeHEeTUYHOTO 3B’A3KY MiK PiBHMMM KJacaMu HeOpraHiuHMX
PEYOBUH [03BOJISAE OOMPATH 3PYYHI ¥ eKOHOMiUHI MeToau CHHTE3y pedo-
BUH i3 JHOCTYIIHUX peareHTiB.

OpHoro pasy ¢paHuy3bknin Ximik Jyi TeHap nig Yac nekuii NOMUIKOBO
BMMMB 3aMiCTb BOAW PO3uYuH MepKypin(ll) xnopugy — HanlcCunbHiwoi
OTPyTU. BiH CNOKINHO MOCTaBMB CKAHKY Ha CTif i XONOAHOKPOBHO Oroso-
cuB: «[laHOBe, A OTPYiBCA, NPUHeCiTb, Oyab nacka, cupi Anuay. MNepenakaHi
CTYOEHTW LWBMAKO KMHYNWUCA Ha MOLWYKWM i BYAaCHO MPOAYKT MPUHECNW.
Lle i BpaTyBano TeHapa.



§ 40. TeHeTUuHi 3B'A3KM MiX KNnacamu HeopraHiyHuX Crnonyk

“a

?—)
(]

B

BucHOBKM

1.

2.

HeopraHiuHi pevyoBMHM MOAINAIOTb Ha OKpPeMi Kiacu, FPYyHTYIOUMCb Ha
CNiNbHUX O3HaKax: cknafi Ta XiMmiYHMX BNacTUBOCTAX.

€QHicTb cnocobiB fo6yBaHHA PEUYOBUH OAHOrO KNacy HeopraHiuHUX Cro-
NYK Ta iXHi XiMi4Hi BNacTMBOCTI A0O3BONAOTb MOEAHATU BCi Knacu CRONyK
y CXeMmy, L0 BiATBOPIOE iX reHETUYHNI 3B'A30K.

3aBAaHH$| AnA 3aCBOEHHA MaTepiany

1.

Cknapgitb GopMynu Takmx peuyoBuH: KanbLii okcug, Kanin okema, pocdop(lll)
oKeng, 6apiin okcng, UMHK okeng, cynbdifHa KUcnoTa, KapboHaTHa KUco-
Ta, MarHin rigpokcug, depym(ll) rigppokcma, cunikatHa Kncnota, Kynpym(ll)
rigpokcua, niTin rigpokcma, Kanin rigpokeua, Hikon(ll) cynbdart, antomiHin
rigpokcua, Hatpin optodocdaT, xnopuaHa KucnoTta, opTodpochaTHa Kuc-
nora.

I3 HaBepeHUXx GOpMyn PEYOBUH BUMUWITL OKpemo GOopMynn Ta HasBwu
oKcmais, Kncsot, ocHoB. i coneit: NaOH, HCI, H,SO,, Ca(OH),, HBr, Cu(OH),,
H,PO,, H,SiO,, H,S, NaOH, Fe(OH),, K,SO,, CaBr,, CuCO,, CO,, Mg(OH),,
AIPO,, SO,, HI, CuSO,, Zn(OH),, Ba(NO,),, FeCl,, Na,S, AI(NO,),, Ba,(PO,),.
HeBigomnin okcnp poO3YMHAETLCA Y BOAI 3 YTBOPEHHAM PO3UMHY, WO 3a-
6GapBOE NaKMyC Y UYepBOHWIA Konip. AKWIA BUCHOBOK MOXHa 3pobuUtu
LOAO XapaKTepy BacTUBOCTEN Lboro okcmay? Yn 6yae BiH B3aemopmiaTtu
3 XJIOPUZHOIO KMUCIOTO0, HATPIM rigPOKCMAOM, HATPI XNOPUAOM, KanbLin
okcngom? BignoBigb obrpyHTyiiTe.

MpointocTpyTe reHeTUYHUN 3B'A30K MiX KflacamMn HeOpraHiuHMX pevyoBUH
Ha NpukKnagi MarHito 1 cipku. CKnagite BiAMOBIAHI PIBHAHHA peaKLil.
CKnapitb piBHAHHA peakLiil, 3a 4ONOMOrO AKWUX MOXHA 3QINCHUTU TaKi
nepeTBOPEHHS:

a) Mg — MgO — MgCl, — MgCO, — Mg(NO,),;

6) S — SO, — Na,SO; — BaSO, — SO,;

B) Na — NaOH — Na,SO, — NaCl — NaNO,.

HaBepiTb piBHAHHA peakuiil, Wo iNoCcTpyTb YoTUPK Pi3Hi cnocobu fo-
OyBaHHA KanbLiin KapOoHaTy.

Po3TaluyiiTe 3anpOnOHOBaHI PeYOBMHM 3a NOPALKOM, L0 XapaKTepusye re-
HeTUYHMI 3B'A30K KNaciB peYOBUH, Ta CKNaAiTb BiANOBIAHI PIBHAHHA peaKLuil:
a) docdhop(V) okeua, Kanii optodocdat, pochop, optodpocdaTHa KNCNOTa;
6) 6apin rigpokcug, 6apin okcua, 6apin kapboHat, bapiii;

B) kynpym(ll) okcnp, kynpym(ll) rigpokeng, migb, kynpym(ll) cynbdart.

AK pobyTW KanbUiii xnopup i3 KanbUiil HiTpaTy, BUKOPUCTOBYOUM Kanii
KapboHaT i xnopugHy Kncnoty? CKnagite piBHAHHA peakuii.

BusHauTe BifCyTHI NaHKM NaHUIOTIB NepeTBOPEHD, WO XapakTepusyoTb re-
HETUYHUI 3B'A30K PEYOBUH:

a)S — ? — H,50, — Cas0,; 6) Fe — Fe,0; — ? — Fe(OH),.

CknagiTb PiBHAHHA peaKUii, WO XapaKTepu3yloTb Li NepeTBOPEeHHS.
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10.

11.

12.

13.

14.

15.

CknagiTb piBHAHHA peakui ona 34iNCHeHHA TaKMX NepeTBOPEHD:
a) Ca — Ca0 — Ca(OH), — CaCl,;

6) S — SO, — H,50; — Na,SO;

B) Ba — BaO — Ba(OH), — BaSO,;

r) C — CO, — CaCO, — CaCl, — Ca(OH),;

A) NaOH — Na,CO, — CO, — MgCO;;

e) Al = AL,O; — AL,(SO,); — Al(OH), — Al,O;

€) Fe — Fe,0, — Fe(NO,), — Fe(OH); — Fe,0; — Fe — FeCl,.
BusHauTe BiACYTHi NaHKM NaHUIOTIB, WO XapaKTepusylTb FeHeTUYHUN
3B'A30K PEYOBUH:

a)Ca —> 7 =7 — Ca(NO,),;

6) 503 +H,0 ? +Mg ? +NaOH 2

B) Mg(OH), —— 7 A, » _+KOH
[lo po3unHy 61aKUTHOrO KONbOPY AOAANN PO3UMH JIYTY, MPU LibOMY BMMNaB
6nakutHun ocag. Ocap BigdinbTpyBanu i npoxapunu. Y pesynbrati ogep-
anu YOpHWIN MOPOLLOK, WO NOTIM 06pobuny BogHeM Mif yac HarpiBaH-
HA. YTBOPUBCA MeTan YepBOHOrO KONbopy. Bu3HauTe onncaHi peyoBuHH,
CKNafiTb PIBHAHHA peaKLUil.

MopiBHAnTe 06'em cynbdyp(lV) okcnpy (3a H. y.), AKNIA MOXKHa Ao6YTHW i3
Cipkn macoto 480 r Ta HaTpin cynbdiTy macoto 630 T.

O6uuncnite macy pocdopy, AKMIA HeOOXiAHO BBECTU B HU3KY NepeTBOPEHb
Ana fobyBaHHA Kanblin opTodochaTy macoio 15,5 .

BukoHarTe HaBYanbHM NPOeKT N2 9 «YnNanB XiMiYHUX CMONYK Ha AOBKINNA
i 300pOB'A NOANHNY.

+H2 504 2

§ 41. Po3B’A3yBaHHA eKcnepuMmeHTasbHMX 3apay

MpwurapanTe:

« KnacudikaLilo HeopraHiuHUX cronyk (3a § 26);

+ XiMiYHi BNacTMBOCTI BMBYeHMX cnonyk (3a § 28, 31, 33, 34 1a 36);

+ 3arafibHi cnocobu gobyBaHHA oKcMAiB (3a § 38) Ta conel, KUCNOT i OCHOB (3a § 39).

EkcnepumeHTanbHi metogn B Ximil

Ximisgs — mHayka eKcliepuMeHTaJbHa. llepeBaskHa OiJbIIiCTL 3HAHD
Y BUTJIAAI Teopiii Ta 3aKOHIB OyJaM Ofep:KaHi AOCIITHUM IIJIAXOM, I'DYH-
TyBaJVICA Ha BJIACTMBOCTSAX PEYOBUH Ta KiJIBbKiICHMX XapaKTepPUCTUKAX,
110 OMUCYIOTH iX B3aeMomii. SIKIMo Teopisa cmouaTKy OyJia BHUCJIOBJIEHA 3a
MeBHUMU MipKyBaHHAMU, BOHA BUMaraJja eKCIIepUMEeHTaJbHOTO JOBeIeH-
Ha. K KaKyTb HayKoBIi: «IIpakTmra — KpuTepinni icTuHMI».

VY cyuacHux ximiuumx JjiabopaTopifx OiJbIIiCTh €KCIEePUMEHTIB IIPOo-
BOJATH 13 BUKOPUCTAHHAM CHeI[iaJIbHUX iHCTpyMeHTiB. [lJig BU3HAUEHHA
KMCJIOTHOCTiI PO3UMHIB 3aMiCTh 1IHJMKATOPiB UYacCTillle BUKOPUCTOBYIOTH



§ 41. Po3B'A3yBaHHA eKcnepuUMeHTanbHUX 3afay

Man. 41.1. pH-meTp BU3HA4Ya€e HaABHICTb Man. 41.2. EnemeHTHUI aHani3atop MUTTE-
KMCNOT Ta OCHOB Y PO34MHax BO BM3HAYa€ EEMEHTHUN CKNag PeYOBUHN

pH-meTp (mau. 41.1). IIle 50 pokiB ToMy AJsA BUSHAYEHHA BMiCTYy aTOMiB
TOTO UM iHIIIOTO XiMiUHOTO eJieMeHTa B CIOJIYI[i BUKOPUCTOBYBAJM Pi3Hi
ximiuni peakiiii, medAKi 3 HMX BimOyBajucs IPOTATOM TPHUBAJOTO Uacy.
CyuacHuii eseMeHTHU aHaJidaTop (man. 41.2) mo3BoJsA€e BU3HAUUTU
BMicT OyAb-KOTO XiMiUuHOrO ejleMeHTa B 3pasKy PEUYOBMHHU 3a JiiueHi
XBUJIUHMU.

Ve 200 pokiB XiMiKM KOPUCTYIOTHCA BiIHOCHMUMHN aTOMHUMU Maca-
MU ejeMeHTiB. [lJid BU3HAUeHHS ATOMHMX Mac paHimie HeoOximgHo 0yJo
IIPOBECTH UWCJEHHI eKCIIEpUMEHT! 3 BMU3HAUEHHS MAacCOBUX CIIiBBigHO-
meHsb peareHTiB. ChOTOMHI AJIS IIHOT'0 BUKOPUCTOBYIOTH Mac-CIIEKTPOMETPH
(maj. 41.3), 1110 [03BOJISIOTh BUSHAUNTH MACH He JIHIIe OKPeMUX aTOMiB,
ajie i 6araTboX MOJIEKYJI i HOHIiB.

[ BUCHOBKIB IIIOJI0 BJIACTUBOCTEIl PEUOBUH YACTO HEOOXiTHO 3HATH
OIITMYHI XapaKTEePUCTUKMN PEYOBUH, 30KPeMa CBiTJIO AKOTO KOJHLOPY II0-
riauHae peuosnHa. Hampukinmi XIX crosiTrs HiMenbKi HayKoBIi PobepT
Byusen ta I'ycras Kipxrod cKOHCTpYOBaIM HAMIPOCTIMINI CIEKTPOCKOIL

Man. 41.3. Mac-cnekTpomeTp — Man. 41.4. Tepwnin cNekTpockon,
npunag anAa BMU3HaA4YeHHA BiAHOCHUX aTOM- CKOHCTpyMoBaHun P. ByH3eHom
HUX | MONEKyNAPHUX Mac i T. Kipxrodom
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Man. 41.5. CyvacHuin cnekTpodoTomeTp

(mam. 41.4, c. 223), AKuil 3a ONTUYHUMU XaPAKTEPUCTUKAMU PEUOBUH
I03BOJMMB Bu3HAUUTU cKJaa] COHIIA, BiIKPUTU HOBI PEUOBUHU, 30KpeMa
imepTtHi rasum. CyuacHi HayKOBIIi TaKOXK aKTUBHO KOPUCTYIOTHCS TaKUM
IPUJIALOM, aje, 3BicHO, CyTTeEBO mepepodaenum (maJ. 41.5). Bix gosBose
pos3B’A3yBaTH HabaraTo CKJIAMHIII 3amadi, ajie MPUHIUI Horo maii 6ararto
B YOMY Harajaye cieKTpockon ByHzeHa.

ChorofiHi ay:Ke TOIMIMPEHUM EKCIePUMEHTAJIbHUM METOJOM € MEeTO.
anepHoro MarHitaHoro pesouancy (SAMP-cumexTpockormis). Bin gosBosise
poOUTH BUCHOBKHU II[OA0 OyJOBW MOJIEKYJ i cTaB MailyKe He3aMiHHUM
y cydacHii ximii.

Bes cyuacHmx mpuiaagiB ChOTOAHI CKJIAMHO YABUTU POOOTY XiMiKiB,
0e3 HOBOTO OOJIaMHAHHSA HEMOMKJWBUHM HOAAJBINTNI PO3BUTOK i HAKOIIMU-
YeHHS XiMiUHMX 3HaHb. AJjie OaraTo 3aZay MOKHa PO3B’aA3yBaTH i 0e3
OpujaniB, BUKOPUCTOBYIOUM 3BUYANHI peakKTUBU I BUKOHYIOUM AOCJIiAN
Yy 3BUYAMHUX TPOOiIpKax.

Po3B’A3yBaHHA eKcnepuMeHTanbHUX 3adau

I B cyuacHiit 1abopatopii, i y sBuuaiiniii mkinbpHi# ximMiuniit Jabopa-
TOpii yacTo BUHUKAIOTh 3a/aYi, AKi MOKHAa PO3B’A3aTH JIUIIE SOCIiTHUM
muisixoMm. Hanmpukian, HeoOXigHO BU3HAUUTU CKJIAL II€BHOI PEUYOBUHU,
CKJISHKY 3 AKOI0 XTOCh 3a0yB miammcartu. AOG0 HeoOXimTHO JOBECTU, UM
CIIPpaBAi BMiCT IeBHOI CKJISHKMU BiAIIOBimae Haagmmcy Ha Him.

I po3B’sI3yBaHHA TaKUX eKCIIEPUMEHTAJbHUX 3a7ad IIOTPiOHO 3Ha-
T BidyasJbHi epeKTH, IIIO0 CYIPOBOIKYIOTEh Ti um iHIIi peakiii. 3oKpema,
3MiHa 3a0apBJIeHHA iHAWKATOPiB 3a HAABHOCTI TUX YU iHINUX PEUYOBUH,
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YTBOPEHHA OcCajly MiJl Yac B3aEMOJil IMeBHUX PEYOBUH, BUIiJIeHHA rasiB
Ta XapakTep 3amaxiB mux rasiB. HeoOxigHo TaKok mam’saTaTH, IO 0iIb-
IIicTh ra3omofiOHMX pedvoBUH Oe30apBHi, aje meaKi 3 HuUX (CipKOBOIEHB
abo cipumcTuii ras) MalTh XapaKTepHUi 3amax. A HaABHICTH iHITUX pe-
YOBUH MOBOIATDH Y XiMiUuHHE cIoci0: KMCeHb MiATPUMYE TOPiHHSA TJIif0UOl
CKiIMKM, a BOJEHb 3JaTHUM 3TOPATU 3 XapaKTEPHUM 3BYKOM.

s posB’sa3yBaHHA OyAb-IKOI e€KCIepUMEeHTAJIbHOI 3aJadvi 3aBiKAu
CJil MOTPUMYBATHUCS IIEBHOI IIOCJiJOBHOCTI mifi.

ITo-mmepie, HeOOXiAHO CKJIACTH IJIAH €KCIIEPUMEHTY, V MeKax AKOTro
BU3HAUNTH, Ha K€ KOHKpPEeTHe 3alWTAaHHsS IIOTPiOHO BimmosicTum i sAki
IOoCJigy HeoOXiTHO HMPOBECTHU AJISI IILOTO.

Ilo-gpyre, BUKOHATU BJIaCHE €KCIEPUMEHTAJNbHY YaCTUHY.

ITo-Tpere, 3poOUTH BUCHOBOK, UM JO3BOJISIOTH IIPOBEJEHi mocaigu
JaTu BiANOBiAb Ha HOCTaBJieHe IMUTAHHA i AKiI pe3yJibTaTu AOCTimiB mO-
3BOJIAIOTH 3POOUTU BUCHOBOK IIPO JOBeAEHHSA ab0 CIIPOCTYBAaHHS MIOUaT-
KOBUX NPUITYIIEHbD.

PosrngmeMo gekisbKa MPUKJIAAIB PO3B’A3yBaHHA €KCIEPUMEHTAJb-
HUX 3a1ad.

3amaua 1. EKcnepuMeHTaJIbHIM METOLOM HOBEIiTH CKJAJ XJIOPULHOI
KMCJIOTH.

Posé’sa3anHs:

1. IInanyBanHs eKCIEePUMEHTY.

XnopumHa KucjoTa cKaagaeTbesa 3 aromiB ligporeny ta Xaopy. Hia
IOBeleHHs ii cKJIaay HeoOXiTHO IIPOBECTH AOCaiau mono HasBHocTi Iigzpo-
reny ta XJopy.

HoBectu masBHicTh ['igporeHny MosKHa KiJibKoMa crocobaMu.

Ilepmwuit: 3aBassKM HasgsBHOCTI aTomiB ['ifporeHy KMCJIOTH 3MiHIOIOTH
3abapBieHHa iHgmkaTopiB. OTike, SAKIINO iHAWKATOP 3MIHUTL CBOE 3a-
OapBJIeHHA Ha KOJIip, III0 BiAIIOBijJae KUCJIOTHOMY CEpPeIOBUIIY, TO MOMKHA
CTBEPAKYBAaTH IIPO HaABHIicTb I'igporeHy y cKJali KHCJIOTH.

Hpyruii cmocib 'pyHTyETbCA HA MOKJINBOCTI BUTHUCHYTU aToMu ['igpo-
reHy 3 KHUCJIOTU aKTUBHUMU MeTaJaMU.

HoBecTn HasiBHiCTH came Taxkoro KucjaorHoro saauinky (Cl) moxx-
Ha JOJAaBaHHAM OO0 XJOPHUIHOI KucyoTu posuumHy apreHtym(l) miTpary,
OCKLJIIbKYM TIpU IIbOMY Mae€ yTBopuTHucA 0inmit ocax aprentyMm(l) xmopuny.

2. IlpoBeneHHSI eKCIIEPUMEHTY.

Hannemo Bugaumuii po3unH XJOPUAHOI KMCJIOTH B Tpu Ipodbipku. Ilo-
YeproBO J0Ja€MO HEOOXiTHiI peaKTWBY Ta 3aIUCYEMO CBOI CIIOCTEPEIKEHHS
B 301IuT (J1a00OpaTOPHUM KYypHAJ). Pe3yibTaTu eKCIepuMeHTy 3pyUHiIlle
opopmuTu y BuraAai tabauii (amB. Tabauio Ha c. 226).
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Homep A
. IIporeneni mii CroocrepeskeHHT
npodipKu
1 HomaeMo po3YuH JaKMyCy Jlakmyc 3MiHIOE 3a0apBIeHHS Ha
YyepBOHE
2 Honmaemo rpaHysy HUHKY Ha noBepxHi IUHKY YTBOPIOIOTH-
cdA Oyap0amku 6e30apBHOTO ra3y
i BUAIIAIOTHCSA 3 POBUUHY
T'as, o Buzpinaerscd, 36upa- T'as sropse 3 xapakTepHUM raBKa-
€MO y IPOOipKY, IEPEBEPHYTY | I0UUM 3BYKOM
IOTOPHU AHOM, i migmaaoemMo
3 Honmaemo posuun apreatTym(I) YTBOpIOETHCS O1TMIT CUDHUCTUH
HiTpatry ocax
HomaeMo neKiabKa Kparmejib 3 ocazoM Hiuoro He BinOyBaeThCsa
HiTpaTHOI KUCJIOTHU

3. AHamid eKcIepuMeHTy U (OpMyJIIOBaHHSA BUCHOBKIB.

YepBOoHUM JIAKMYC CTa€ B PO3UMHAX KUCJOT, a B yCiX KHCJIOTaX HAa-
apaui [igporen. HagsuicTs 'imporeHy moBOAWTH TAKOMK APYTHH DOCJTiI.
B ykasamuii cmoci6 sropsie Juillie BOAeHb, a BiH Mir yTBOpUTHCS IIig dac
B3aeMogii KucjgoTu i3 nmumHKOM. OTiKe, V XJIOPUIHINA KHUCJIOTI MicTATHCA
aromu Iigporeny. Binuii cupHumMCTHUI Ocaj, HEPO3UMHHUN y HiTpaTHiN
KHCJIOTi, YTBOPIOETHCA B pasi momasanHa aprentym(l) miTpary swuire o
xJjopugiB. OT)Ke, PO3UNH € PO3UMHOM XJopuay. IIpoBeneHi ekcepruMeHTH
IOBOIATE, III0 B PO3UMHEHill peuoBuHi MicTaTsca Iigporen i Xiop, ToOTO
I peuoBMHA — TigporeH XJopun (XJopHIHa KHUCJIOTA).

3amaua 2. YV TpbOX IPOHYMEPOBAHUX IIPOOipKaxX MiCTATHCSI POSUNHU
XJIOPUAHOI KMCJIOTH, HATPiHA XJIOPUAY Ta HATPi# cyabdiTy. BukopucToBy-
YN MiHIMaJIbHY KiJIBKIiCTh peaKTHBiB, BUBHAUTE BMIiCT KOXKHOI ITPOOipKH.

Posé’sasanHs:

1. IInanyBaHHA €KCIEPUMEHTY.

Cepen TpbOX PEUOBMH OOHA — KMUCJOTA, HAABHICTHL AKOI MOMKHA mO-
BectHu iHgmKaTopoM. OTKe, MEPIIO0 Ai€l0 HEOOXimHO BUIPOOYBATH BMiCT
npobipok iHgmKaTtopoM. HasgBHiCTH XJIOPHUAIB MOKHA BU3HAUYUTH, BU-
kopucrtoByiouu apreHtym(I) mitpar. Ase aprenrym(l) cynbdir, mo mae
YTBOPUTHUCA 3a HAABHOCTI HATPill cyab(iTy, TaKOK HEPOSUYMHHUN, TOK
Taxka IIpoba HAM He J03BOJIUTL PO3PiBHUTH BMicT mpobipok. Bukopucro-
ByIOUM TAOJHII0 PO3UYMHHOCTI, BU3HAYAEMO, IO iCHYE€ peaxkTus, y pasi
nomaBaHHA AKOTrO M0 cyJab(}iTiB ocaja yTBOPIOETHCA, a A0 XJOPUAIB — Hi.
ITe Gapiit miTpar. OT:Ke, HOTO MOKHA BUKOPUCTATU IJIis BUABJIEHHS IIPO-
OipKu 3 po3umHOM HaTPill cynbdiry. HaaBHicTb cynbdiTiB MOKHA TAKOMK
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IOBECTU OOMNABAHHAM CHJIbHOI KucjoTu. OCKiIbKH Ccyab(iTHA KHCJIOTa
HeCcTifika U pOBKJIaJaTUMEThCS 3 BUAIJIEHHSAM CipuymMCcTOTOo rasy, AKWH
MOKHA BUSBUTHU 34 XapaKTEePHUM 3aIlaxoM.

2. IlpoBeneHHS eKCIIEPUMEHTY.

OCKiJTbKY 3 KOYKHOI0 PEYOBUHOI0 HEOOXiMHO MPOBECTH IOHAKMMEHIITe
IBi peaxirii, To BMiCT KOKHOI IIpoOipKu pos3mijiisgemMo Ha aBi mopiii. Pe-
3yJAbTAaTU OOCJHiZiB OOPMIIOEMO Y BUIJIALI TaOIMIN.

IIpoBeneni gii Homep npobipku
1 2 3
1. lomaemo po3umH | 3abapBiieHHA Ingukarop smiHioe 3a- | 3abaps-
METUJIOBOTO OPaH- He 3MiHIOETbCS | GAapBJIEHHS HA YePBOHE | JIEHHS He
SKEeBOTO 3MiHIOETHCS
2. Momaemo po3unn | Bumamae 6inuit | Hiuoro me BigOyBa- 3MmiH He Big-
Oapiit HiTpaTy ocaf €ThCA OyBaeTbCS

3. Amaiis ekcuepuMeHTY i (POPMYJIIOBAHHS BHCHOBKIB.

IapukaTop smiHioe 3a0apBJiieHHA 3a HAaABHOCTiI KUCJIOT, i Iie BimOyBa-
€ThCS JINIIe B omHill mpobipii. OT:Ke, y mpolipii 2 — xJiopuaHa KHCJIO-
ta. Ocam yTBOPIOEThCA B pasi mJomaBaHHA Oapiil HiTpary Jwuiie Ko BMicTy
mepiroi nIpobipku, oT:Ke, Ipobipka 1 micTuThk HaTpili cyabdpir. Metomom
BUKJIOUEHHSA POOMMO BHMCHOBOK, IIIO B IPoOipmi 3 — HaTpiili XJOpHI.

JIABOPATOPHWI JOCNIA Ne 7

Po3B'A3yBaHHA eKcnepyMeHTanbHOI 3ajadi Ha NpUKNagi peak-

Lin obmiHy

O6na0HaHHA: IMITATUB i3 IPOOipKaMu.

Peaxmusu: po3YNHT HiTPATHOI KMCJIOTH, KAJBI[iN MAPOKCUIY, KaJabITil
XJIOPUAY, HATPi#t cyabdiry, HaTpill cyabdary, 6apiit xaopuny,
bapiit rimporcuny, 6apiii mirpary, aprearym(l) HiTparty, HaTpiit
XJIOPUY, METUJIOBOTO OPAHIKEBOTO.

' IIpaBuna Oesmexu:
® - [mig yac BUKOHAHHSA JOCJiiB BUKOPUCTOBYHTE HEBEJIUWKi KiJIbKOCTI
PeaKTUuBiB;
s ocTepiraiTecsa IMOTPANJIAHHS PeaKTWBIB Ha OmAr, IIKipy, B OUi;
y pasi moTpaniagHHA HeraifHO 3MUIITEe PeUYOBUHY BEJNKOIO KiJbKiCTIO
BOJH Ta IPOTPiTh MicIile po36aBJIeHUM PO3UMHOM: SKIIO JyT — PO3-
YuHOM O6OPATHOI KMCJIOTH, AKII0 KUCJIOTA — PO3UYMHOM COIU.
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Hocix 1. fpyHTyIOqHCB Ha CXeMi reHeTUYHOTO 3B A3KY MiK KJacamMu
HEOPraHiuYHMX CIIOJYK, 3alIPOIIOHYITE II0 TPU CIIOCO0M JOOYBAHHS KaJIbIii
cyabdity i O6apii cyabpary. [oOyapTe KOMKHY CiJib He MEHII AK JBOMA
cmocobaMu, BUKOPHUCTOBYIOUM BUAAHI BaAM PeaKTUBH.

Iocmim 2. ¥V TpbOX MPOHYMEPOBAaHUX MPOOGIpKaxX MiCTATbCS PO3IUYMHU
HiTpaTHOI KuCJI0TH, Oapiit HiTpary Ta aprearym(l) mirpary. BukopucroBy-
I0UYM MiHIiMaJbHY KiJIBKiCTh PeakTHBiB, BU3HAUTE BMICT KOXKHOI IPOOipKu.

%

7 BucHoBKM

[nAa po3B'A3yBaHHA eKCnepuUMeHTaNIbHUX 3afay BMKOPUCTOBYIOTb AOCHI-
A, y AKMX BifOyBaloTbCA XapaKkTepHi BisyasbHi ABMLa: BUNafaHHA ocagy,
BUAineHHA rasy abo 3miHa 3abapBneHHA iHAMKaTopy. [inA po3B’A3yBaHHA
eKcnepriMeHTanbHOI 3afjadi HeobXifHO CnaHyBaTU eKCMepUMEHT, BU3Ha-
4mMBLUY, AKI Bi3yanbHi epeKTy MaloTb CynpoBOMAXKYBaTU Ty UM iHLLY peakLilo.
Micns npoBeaeHHA gocniaie HeobXigHO 3POOUTY BUCHOBOK NMPO MpaBusib-
HICTb MAaHyBaHHA eKCnepuMeHTY, AOUINbHICTb JOCAIAIB Ta, FPYHTYIOUMCD
Ha crnocTepe)KeHHAX, BiANOBICTU Ha NOCTaB/eHe 3annTaHHA.

Q KoHTponbHi 3anuTaHHA

1.

2.
3.

AKi iHCTpymMeHTanbHi mMeToAM [OCNIAKEeHHA PeyoBUH BaM Bigomi? [nA
4oro X BUKOPUCTOBYIOTb?

CxapakTepu3yiTe eTanu po3B'A3yBaHHA eKCneprMeHTaNbHUX 3ajau.

Ha AKknx nprHUmnax FpyHTYETbCA AOBEAEHHA CKNaZy TUX YU iHLIMX PeYOBUH?

3aBAaHHA ONA 3aCBOEHHA MaTtepian
. 3aepanun n piany

1.

AIKi peakTMBM MOXHa BUKOPUCTOBYBATU A/1A AOBEAEHHA HAABHOCTI poO3-
UMHHKX Y BOfi: @) Xxnopuais; 6) cynbdartis; B) 6pomigis; r) noanais; o) opto-
docdartis; e) cynbodigis; €) KapboHaTis? CknafiTb PIBHAHHA peakLii.

AKi peakTUBM MOXHa BUKOPUCTaTN ANA OOBEAEHHA HafABHOCTI PO3UYMHHUX
y Bofi coneit: a) bapito; 6) Kanbuito; B) Antominito; r) Manrany(ll);

o) Aprentymy(l); e) Mniombymy(ll); €) ®epymy(lll); x) Oepymy(ll);

3) Kynpymy(Il)? CknagiTb BignoBigHi PiBHAHHA peaKLii.
ExcneprmeHTanbHO poBefiTb cknag: a) cynbdaTHoi kucnotu; 6) depym(ll)
xnopuay; B) 6apint cynbdigy; r) MarHin cynbdaty. CKnagitb PiBHAHHA peakLii.
Y pBox npobipkax MiCTUTbCA HaTpili cynbdat i HaTpin cynbdit. Jo o6ox
npo6ipoK fofanu po3umH 6apin HitpaTty. Mpu Lbomy B 060X Npobipkax
yTBOpPUBCA Oinnii ocag. Y AKWI cnoci6 MoXkHa Bigpi3HUTK Ui ABa ocagu?
Cknapgitb BigNoBiAHI PiBHAHHA peakuil.

Y nBOX NpobipKax MiCTATbCA MarHiin cynbdat Ta UMHK cynbdart. o nepLuoi
npo6ipKn Jopanu po3unH Kanii rigpokcugy, yTBopmusca 6inuin gparnuc-
TUI OCap, WO PO3YMHMBCA MiCNA NOJANbWOro AoAasaHHA nyry. [Jo apy-
roi TakoX [OAaNnv PO34YvH Nyry, ane yTBOPeHUI ocaf Nicia NoAanblLoro
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[oaBaHHA Nyry He Po34MHMBCA. BUHauTe BMICT KOXHOI npobipku. Ckna-
JiTb BiANOBIAHI PIBHAHHA peaKLUil.

6. Y AKuiA cnocib moxHa po3pisHuTK po3unHn xnopugis ®epymy(lll), MarHito
n bapito? CknagiTb BiANOBIAHI PIBHAHHA peakLii.

7. Y AKMiA Cnocib MOXHa PO3PIi3HUTU MiX cobolo po3urHKM HiTpaTie Kanito,
Kanbuito, Antominito 1 Oepymy(ll)?

MPAKTUYHA POBOTA Ne 3

Po3B’A3yBaHHA eKcnepuMmeHTaNbHUX 3apay

O6na0HaHHA: IITATUB i3 MpobipKaMu, IaJbHUK, HIIATEeNb, JiliKka, (Piab-
TPYBaJbHUN TAIIip.
Peaxmueu: makmyc, 6apiit HiTpar, KaJgiii rizpoxcus, HaTPiil XJIOpPU/I,
cyibdaTHA KHCJIOTA, XJOPHUAHA KHUCJIOTa, HiTpaTHA KUCJIO-
Ta, HaTpit cyabdar, kKynpym(Il) xaopun, HaTpiit oprodocdar,
depym(IIT) xmopuy.
| Upaeuaa Oe3meKn:
® < BUKODHUCTOBYITe HeBeJIMKi KiJIbKOCTi peaKTUBiB;
s ocTepiraiiTeca MOTPANJIIHHS PeaKTUBIB Ha OmAr, IIKipy, B Oui;
Yy pasi moTpamasaHHA JYyry ado KHUCJIOTH iX CJig HeraiHo 3MUTHU Be-
JIUKOIO KiJIbKiCTIO BOAM Ta MPOTEPTH Miclie po30aBIeHUM PO3UNHOM
O6oparHOi KucaoTu (y BUIIAAKY MOTPAIJISHHSA JYTy) abo pO3UMHOM
conu (y BUIAIKy KHCJIOTH).

BukopucToByoun HajaHi BaM peaKTUBHU, MpoayMaiiTe, y AKUHA croci6
MOJKHAa pO3B’sA3aTH 3a4adi, 1 mpoBeiTh BigmoBimHi mocaimu. ¥V 3ommuTi
CKJIAJiTh IJIAH eKCIIEPUMEHTY, 3aIllUIIiThL CBOI CIIOCTEPEKeHHA, BiAmoBigHi
PiBHAHHA peakIliii Ta 3po0iTh BUCHOBKHU.

3amaua 1. Y TphoxX IpobipKax MiCTAThCS PO3UMHHN KaJili rizpokcuny,
cyab(haTHOI KMCJIOTH Ta HATPidl XJjopuay. BukopucTroByoun MiHiMaabHY
KiJbKicTh peaKTuBiB, BU3HAUTE BMICT KOXKHOI HpPOOipKH.

Samaua 2. Y TpboX OpoOipKax MicTaATbcAa HaATpiil cyabdar, HaTpii
xXJ0opuz Ta cyabdaTHa KucaoTa. BusHauTe 3a TOIOMOroo0 He OisibIre JBOX
PeaKTUBiB yMicT KOKHOI IpobGipKu.

Samaua 3. I3 xympym(II) xmopuny mooyabre Kympym(Il) miTpar.

Samaua 4. 3givicHiTs Taki ximiuxi meperBopenus: ¢gepym(III) xo-
pun — @epym(IIl) rigpokcun — depym(Ill) okcuxg — depym(IIl) miTpar —
depym(IIT) oprodocdar.

ITepegipme ceo0i 3nanHs 3a memoio «OCHOBHI KJaACU OPZAHILHUX
CNOLYK».
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DopaTtok 2

BupaTtHi Ximikn Ta iXHI BHECOK Yy PO3BUTOK HayKu

Bop Hinsc I'eapux Tasun (1885-1962)

Hamcerkuii isuk, saypeatr HobeniBcbKkoi mpemii 1922 poxry.
3po0uB BeIMUe3HUI BHECOK Y PO3BUTOK cyuacHOl GhisuKu, 30Kpe-
Ma B Teopiio OyZoBU aToMa I aTOMHOTO sApa, SAePHUX peakIlii
iTeopiro metaisis. Hapomuscsa B KomeHnrareni B poauHi mpodecopa
(disiosorii. IIparmoBae y Kem6opumxi 3 [:xo3edom TomIiicoroMm,
a misuimre B Maunuectepi 3 Epaecrom Pesepdopmom. 1913 poxry
3alIPOIIOHYBAaB IPUHIIUIIOBO HOBY MOJeJIb OYI0BU aTOMa, YIOCKO-
HaJUBIIU ILIaHeTapHy Teopiio Pesepdopaa. 3acuysas IucturyT
Teopetruunoi Gisuku B Komenrareni. ITig vac Ipyroi cBiToBoi BifiHu mepeixas mo
CIITA, me mpaIfioBaB HaJi CTBOPEHHAM aTOMHOI 30poi, Xoua misHile aKTUBHO BUCTY-
1aB 3a MUPHE BUKOPUCTAHHA eHeprii aroma. AnbbepT AWHIITAailH IUCAB PO HHOTO:
«BiH € ogHUM i3 HAWBUAATHIMINX HAYKOBUX YMiB HAIIIOTO CTOJITTA» .

Hde Bpoiias JIyi Bikrop II’ep Paiimon (1892-1987)
dpaunysskuii ¢isuk, jgaypear HobemiBcbkoi mpemii
1929 porky. Hapoausca B micti [[ben y BeJbMOKHIiN repior-
cbKiit popuui. [IpoTsarom 6araTboxX CTOJITH UJEHU IIiel POAUHU
CIY}KUJIU Y BilicbKOBill ab0o gumjomMaTuuHi# raaysi, amxe JIyi
TMOPYIIIUB ITI0 TPAAUIliI0, CTaBIIKU HayKoBIleM. CIIouaTKy BiH Bu-
BUaB icTopiro, ajie mig yIJIMBOM CTapIIoro Oparta 3aljiKaBUBCS
¢isuko0 i 3rogoMm 3m00yB HAYKOBUU CTYIiHBL Y IlapusbKomy
yHiBepcureri. BuBuaB moBefiHKY eJIeKTPOHIB, aTOMiB Ta PEHT-
reHiBCchbKUX npoMeHiB. HaiizHauHimioo 3acayroio ae Bpoias e
Te, [0 BiH IMePIINM 3aCTOCYBaB iieto AfHIIITaliHA TPO MOABIMHY IPUPOAY CBiTIAa
II[0J0 PEYOBHUH: PYX YACTHUHKU BiAIIOBifae IMOIIMPEHHIO HeCKiHUeHHOI XBMJIi. 3a
BiIKPUTTSA XBUJIHOBOI IPUPOAU eJIeKTPoHa O0yB Bigsuauenuit HobesiBcbKO0O mIpe-
miero. Ha mepemoHii Haropom:keHHsA npo HBOTO cKasanu: «Ile Bpoitab Bigkpus
30BCiM iHINIUI aCIIEKT IPUPOAU MaTepii, mpo AKUH paHile HiXTO He 340TagyBaBCH.
Bauckyue BigkputTa ne Bpoiina BuABUIIO, 1110 HE iCHYE OKPEeMUX CBiTiB — XBUJIb
i yvacTuHOK. IcHy€e JUIIe OMUH-€TUHUN CHOIIbHUN CBIT».

laiizen6epr Bepuep Kapax (1901-1976)

Himenbkuii ¢pisuk, maypear HobeniBebkol mpemii 1932 poky,
3po0OUB 3HAUHUI BHECOK Y BUBUEHHS Teopil MarHeTu3My, HaAIIpo-
BimHOCTi, KBaHTOBOI eJIEKTPOAUHAMIKHY i1 Teopii OymoBu aToma. Ha-
ponuBcs y Biopiioypsi B poguHi mpodecopa 1aBHBOIPEILKOI MOBH.
¥V 19 pokis BeTynus g0 MIOHXEHCHKOTO YHiBepCUTETY, V 22 POKU
3aXVCTUB JOKTOPCHKY AUCEPTAIlif0, ITIicjs uoro npairtoBaB iz Hiiab-
com Bopowm. Hati6inbie 'aitsen6epra mikaBuiu HeBUPIIlIeHi Ipo-




6semu Oy roBM aToMa, 110 6yJiu 3anpornoHoBaHi Bopom. ¥V 26 pokiB cras npodecopom
TeopeTnuHOI PisuKu JIeHnIu3srKoTro yHiBepcuTeTy it omy0JaiKyBaB QyHAaMEeHTATIbHY
poboTy, e Biepiiie chOPMYJIIOBAB CBill IPUHITUII HEBU3HAUEHOCTI — OJUH 3 OCHOB-
HUX IPUHIOUIIB Teopil 6ymoBu aroma. 1941 pory cras gupextropoMm Pisumumoro
imcturyTy B Bepiini, me mpaifjoBaB Haa aTOMHUM IpoeKToM. I'aiizeunbepr 6yB Bu-
IaTHUM HayKOBIEM, AKMUI 3pOOUB BeJINUYE3HUI BHECOK Y PO3BUTOK CBiTOBOI HAYKHU.

I nay6ep Moran Pyzoasd (1604—1670)

Himensrkuii anximik i mikap. HapoauBca B poauHi upyIbHT-
ka B Kapamraari. Bin pano craB cupoToio i migpo6isiB YOpHO-
poboM y pidHUX anTeKaX, TOPryBaB BUHOM i BUTOTOBJISIB JI3€p-
kasa. HakonmumumBmiy meBHUH KaIiTaj, BiH caM CTaB aliTeKapeM
i BuroroBiaas miku. [naybep ymepime Ko6yB 6araTo peuOBHH:
denoJ, 6EH3EH, UNCTY HITPATHY, OIITOBY Ta XJIOPUAHY KUCJIOTH,
HaTpii cyabdar i Hu3Ky iHmux coseir. OQHUM i3 mepIInX IoYaB
BUTOTOBJIATHU XiMiUHUH MOCY/ 31 CKJIA i1 BaCHYBaB MOT0 IIPOMUC-
JIoBe BUPOOHUITBO. PO3pOo6UB c1I0Ci6 BUTOTOBJIIEHHA KOJBOPO-
BOTO CKJa. IlepmiuM mouas 3aCTOCOBYBATH BiIKPUTY HHUM CiJib
ckaany Na,SO, - 10H,0 ak npoHocHwmit 3aci0, Ha YoMy i 3apoOuB CBilf KamiTad.

Todbdman Poang (map. 1937)

Bugarauit amepukaHcbKHi ximik, naypear HobGemiBcbKoil
mpewmii 3 ximii 1981 pory. Hapoguecs B M. 3oJiouiB JIbBiBCbKOIL
obJtacTi B poauHi iHKeHepa — BUNycKHUKAa JIbBiBChKOI mosriTex-
Hiku. I3 mouaTKOM HiMeIbKOI OKyIIaIlil OMMHUBCA B « TPYAOBOMY
Tabopi», ajse 3romoM poAuHi Brasioca mepebpartucsa mo Iloxabri,
a morim go CIITA. Ocgity 3106yB y KonymbiticbkKoMy yHiBEepcuTe-
Ti, a acmipaHTypy 3akinuuB y 'apBap/i. 3poOuB 3HAUHUI BHECOK
HacaMmilepesn y rajysb XiMiuHOl KiHeTHUKM, I10B’A3aB €JIeKTPOHHY
OyI0BY aTOMIiB i MOJIEKYJI i3 MOKJIUBiCTIO TIepebiry xiMmiunux pe-
akiii. Moro im’ am Hassano npasuio Byasopza—Toddmana. [To chorogHi miaTpumye
3B’A3KU 3 YKpaiHowo. «YKpaina — 006iToBaHA 3€MJIA MOTO CepIiA»,— HaIucaB BiH
y aucTi 1o pigHoro micra 3osioueBa.

IMucap:kescokuii Jles Borogumuposuu (1874—-1938)

Buparauit ykpaincekuii pisuro-ximik, akagemik AH YPCP.
3acHOBHUK Ta nepmiuii fupeKTop [HctuTryTy disuunoi ximii HAH
Vkpainu B [J[HinponerpoBcsKy. Hapoauscs B Kuminnesi, a 3rogom
oro poguHa mepeixasa go Omecu, ae Bid 3akiHuuB PimeabeBCbKY
rimuagiro, a morim OmecbKuii yuiBepcurer. Bin roryBascs craTu Jii-
Kapewm, aje micad mpountaHud mparii MenzgeneeBa « OcHOBH Ximii»
BUPIIIUB IPUCBATUTH cebe 11iit Hay1i. [Ticia sakiHueHHs yHiBEp-
cuteTy HaBuaBcd B Jleinmusi y Binmsreabma OcTBanbia, 1e 3axuc-
TuB gucepraniro. IIpamiosas y Tapry, KuiBcbkomy nosritexuikymi,




Karepunociasecbromy ([HiTpomeTpOBCHhKOMY) ripHUYOMY iHCTUTYTI. Y Yacu rpoma-
NAHCHKOI BiflHM CKOHCTPYIOBAB IIPOCTUH IIPOTUTa3, AKUI 30epir 310poB’a 6araTbox
coJimaTiB, 3afiMaBCsa MeIUYHIM 00CIyroByBauHAM apMii. IIpaiiioBaB y HAIpsIMKax Te-
opii Kkarauisy, ximii idoTomiB To1rto. ¥ miapyuHuky «BeTyn o ximii» ymepiiie BUKJIaB
XiMiuHi BJIACTMBOCTi PEUOBUH i3 MOTJIAAY €JIEKTPOHHOI OYI0BU aTOMiB Ta MOJIEKY.JI.

Craonoscbra-Kropi Mapis (1867-1934)

Bugarna nonbsenhka i1 hpaHysbka XiMikuHA, nepia gBiui ja-
ypeatka HoGemniBebKol npemii — 3 disuku (1903) i ximii (1911),
mepima KiHkKa, gxa 3mo0yJia cTymiHb JoKTopa Hayk Ta HoGemis-
CbKY IIpeMiio, JIIoAuHAa-JereHaa, KA 1 10 ChbOTOAHI € B3ipiem
reHiaJpHOI Ta MYMKHBOI HOCJHimTHUIII B icTopii cBiTOBOI HayKm
¥ BogHOUac 100590l MmaTepi. Hapogumacsk y Bapimasi B poguni
BUUTEJiB, OyJia MOJIOAIIOI0 cepen 1 Aty giteit. I[. I. Mennenees,
aAxrui 6yB Apyrom ii 6aTbka, mobauusIinu oHY Mapiro B sabopa-
TOpii, MPOPOKYBAB il BeJnKe MalOyTHE, AKIIO BOHA 3aliMeThCs
ximiero. Ockinbku B Ti yacu B Ilosbini KiHKM He Mau MpaBa HaBYATUCS B YHi-
BepcuTeTi, BoHa eMirpysasa mo ®pasirii i Berynuaa go Copbounu B ITapuixki. 3a
mepIIni piKk HaBUaHHA 3400yJa CTYIiHb MaricTpa 3 ¢isuku, a uepes pik — i3 ma-
TemaTuku. Pasom i3 womosikom (II’epom Kiopi) BuBuaia ABuile pagioaKTUBHOCTI.
Hocmimxyoun ypaHoBy pyAy, Bizkpuia nBa HOBI ximiuni emementn — Ilosonint
iPagiii. Ceoi mocaimxenus Mapisa i IT’ep npoBoan/IN B IPUMITUBHUX Ta IIKiIJIMBAX
IJIs1 3J0POB’sI yMOBax: y crapoMy capai (KoIuIIHbOMY MOp3i) i B 1ab6opaTopii sBu-
yaiitnol MmyHinunaabHol mkoau. [aa orpumannas 0,1 r pagito im goBesioca BpyuHY
nepepoduTH NeKijJibKa TOHH ypaHoBMicHuX Minepasis. Ilicasa cmepri wonoBika Cxio-
moecbra-Kiopi mpairosasa saMicTs HBOTO i cTasia IepIIolo XKiHKOI0-BUKJIaLauKOI0
Cop6ourn. Ii BBaKa0Th 32aCHOBHHIIEI0 HOBOTO HAIIPAMKY HAYKHM — Paiosorii, y ii
ponuHi yoTupu Jaypeatu HobesiBebKoi mpemii: BoHa, i1 wonoBik I1’ep, ixHa goHbKA
Ipeu HKoaio-Kiopi ta 3ars HKau Ppenepik Korio. Ha uects Mapii CkI010BCBHKOI-
Kropi OOH oromocuaa 2011 pik poxom ximii.

Aomonceruit Onexcanap (1898-1980)

Buparuuit yrkpaiHcbKuii Ta mosbChbKUH (hisuk, uieH Ilonbebroil
axazmemii Hayk. HaponuBcs B cesi BockpeceHiBka XapKiBcbKoil
ry6epuii. HaBuasca B XapkiBcbKkomy, BapmiaBcbkomy Ta Beparin-
ChbKOMY YHiBepcuTeTax. ByB IIpucTpacHUM MY3WKOIO i B yac Ha-
BUYaHHA OYB IIePIIOI0 CKPUIIKOI0 y BapiaBcebKiit onepi. TpuBanmit
yac 3arimaB mocany mmpodecopa B yHiBepcureri Topyusa. S6momH-
CHKUI — IiOHep y MOJIeKYJIApPHiN dorodisumi. Bimomi itoro mo-
CIiMyKeHHA B rayysi (oTosomMineceHii i cuekTpaabHOI Teopii
mosiekyJa. [locaigus 6araTo opraniuHux 6apBHUKIB, 1110 BUKOPUC-
TOBYIOTBH AK (DJIYOPECIIEHTHI KMCJIOTHO-OCHOBHI iHAMKAaTOPHU. 3aIlPOIIOHYBAB CXEMY
IJI TIOSICHEHHS ITPOIleciB B3aeMOIii MOJIEKYJT 31 CBiT/IOM, Ky CHOTOIHI HA3MBAIOThH
«miarpamoio I6JI0HCHEKOTO0» .
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Bignosigi Ha po3paxyHKoBi 3agaui

[MoBTOPEHHA HaMBaXXIMBIWUX MNUTaHb Kypcy Ximil 7 Knacy

§1 8.18r.

§2 2.19r.

§s8 1.cClL,— 71, H,S0, — 98, C,,H,,0,, — 342, H,0, — 34, CaSO, — 136,
CaCO,; — 100, (CuOH),CO; — 222. 2. a) 30,4% Ta 69,6 %; 6) 74,5%
ta 25,5%; B) 43,4%, 11,3% ta 45,3%; r) 2,0%, 32,7% Ta 65,3%;
) 68,4%, 10,3% Ta 21,3%.

Tema 1. bygoBa atoma. lMepiognuHnin 3akoH i MNepiognuHa cnctema XiMiuHUX
efniemeHTiB

§ 5 5. Li,0.
§ 12 12. Cunimiit. 13. CeieH.
§ 16 7. a) Kauriit; 6) Asmrominiii.

Tema 3. KinbKicTb peyoBuHN. Po3paxyHKK 3a XiMiyHUMKU dopmynamm

§ 22 1. 3-10%8, 2. 9:10%8. 3. 0,15 moab. 4. a) 1 moab; 6) 4 MOJb.
5. a) 0,17 wmoxab; 6) 3,33:107% moub; B) 1 moub; r) 0,06 MOIB.

§23 2.a)4r;0)96r;8)90Tr. 3.2) 1,31;6) 96 1; B) 0,98 1. 4. H,S —
34 r/ monb, NH; — 17 r/momns, F, — 38 r/moan, CaCO; — 100 r/ mois,
S0, — 64 r/momp, NaOH — 40 r/moxs, K,SO, — 174 r/ moms,
Fe(NO,); — 242 r/mons, NaAl(OH), — 118 r/monas, CuSO, 5H,0 —
250 r/moxb. 5. a) 0,125 mouw; 6) 0,75 Mosb; B) 5 Moub; 1) 119 Moub.
6. 90 r Bogu, 1,71 xr nmyxpy, 985 r sosora. 7. a) 63,5 r/moab (Migb);
6) 24 r/mousb (Maruiit); B) 32 r/mMoub (cipka abo Kucens). 8. a) KUCeHb;
6) xJsop; B) HeramieHe BamuO. 9. 6,69-102%, 10. a) 6 Mmoub, 3,6:102%;



§ 24

§ 25

Tema

§ 27
§ 28
§ 29

§ 30
§ 31

§ 32
§ 33

§ 34
§ 35

§ 36
§ 37
§ 38
§ 39
§ 40

6) 0,5 wmoub, 3:10%%, 11. V kwucmi. 12. a) 1,94 moub; 6) 1,94 momb;
B) 1,94 moap; r) 5,82 moaw. 13. 16 r/mons, CH,.

1. a) 44,8 1; 6) 11,2 m; B) 5,6 1. 2. 1,5-10%3. 3. a) 112 1; 6) 44,8 m;
B) 94,08 1. 4. 300 1. 5. Monekyn 6isbiiie B XJopi y 2 pasu, aTOMiB
6ineme B Merami B 1,25 pasa. 6. a) 2,68-102% 6) 1,875-1025,
7.V 100 r. 8. a) 112 u; 6) 224 n. 9. B amoniaky. 10. B amoniaky
B 1,65 pasa. 11. 17 r. 12. 4,67-10728 r. 13. Macu pisri, 06’eMHu OZHAKOBI.
2. a) y 16 pagis; 6) y 1,14 pasa. 3. ¥ reuiro. 4. a) 2 tra 10; 6) 0,14 Ta
0,69. 5. H, — 0,5, CH, — 4, N, — 7, 0O, — 8, SO, — 16. 6. a) 2,45;
6) 0,563; B) 0,62; ) 1,52; 1) 8,5; ¢) 1,33; €) 1,14; 5x) 0,225. 7. 34 r/moib,
H,S. 8. 14. 9. 2,14 1, oson. 11. 32. 12. Ozomn; cipuucruii ras.

4. OCHOBHI Kracy HeopraHiyHUX CronyK

7.1,5-1023,

12. CO Ta NO.

2. 4 : 7. 3.4 :1. 4. 1 monp okcuxmy Ta 1,25 MOJAb KHCHIO.
5. a) 0,5 wmoxap; 6) 0,14 monn. 6. 403,2 1 Kucuio, 268,8 g1 asory,
806,4 n Bomum. 7. 50 r. 8. 4 r. 9. 17 r. 10. Merany B 1,33 pasa.
11. 1,29 xr. 12. 4,48 1.

5. a) 0,25 moub; 6) 0,3 moab; B) 0,15 Mous. 6. B amtominiit rigpoxkcumi.
7. ¥V marpiii rizpoxcumni.

10. 148,4 r. 11. 12 r. 12. 54,6 r. 13. 117 r. 14. 4,5 r. 15. 180,3 1.
16. 22,4 n, 74 r. 17. 17,4 r. 18. 23,85 r.

4. a) y Kucaori, 6) y Byriexkucaomy rasi. 5. 0,1 moiib.

6. 294 r ta 252 r. 8. a) 0,75 moup; 6) 0,6 moab. 9. Cynbdigua.
10. 4,48 n. 11. 0,78 1.

9. 3,25 r. 10. 3,57 r. 11. 33,6 x. 12. 0,5 moap, 60 r, 11,2 .
13. 0,2 wmomas. 14. 12,32 x. 15. 1,08 r, 36iasmursea Ha 0,755 1.
3.a) 137,2 r; 6) 54,6 r; B) 120 r; r) 192,5 r. 4. 0,03 moab. 5. 90 r.
6. 4%.

12. 46,6 r. 13. 33,6 .

8. 8,66 r. 9. 26,85 r.

10. 67,2 n. 11. 3,1 r. 12. 56 u.

13. 8,36 %. 14. 2,24 x. 15. 820 r. 16. 5,325 r.

13. 336 1 Ta 112 1. 14. 3,1 r.
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